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_Make Plans to Attend~ 


TWENTY-SIXTH ANNUAL MEETING 


OF THE 


FEDERATION OF 
SEWAGE AND INDUSTRIAL WASTES 
ASSOCIATIONS 


IN CONJUNCTION WITH 


FLORIDA SEWAGE AND INDUSTRIAL 
WASTES ASSOCIATION 


BAYFRONT AUDITORIUM 


MIAMI, FLORIDA 
October 13-16, 1953 


HOTEL INFORMATION 


Single Double 
HOTELS (per room) (per room) Suites 
Alcaset $4-$5 $5-—$8 $12-$14 
Biscayne Terrace...... ..... $8-$12 $20-$24 
Everglades ........... $4-$6 $6-$9 $14-$15 
McAllister. $4-$6 $6-$9 $25 


Reservation requests should be addressed to: 


FSIWA Housing Committee 
320 N. E. Fifth Street 
Miami, Florida 
indicating at least first, second, and third hotel choices. Confirmation of the 
reservation will be received directly from the hotel accepting the reservation. 
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Engineers for 
FAIRFIELD, CONN. 
Choose 


CHICAGO 
AIR-DIFFUSION 
SYSTEM 
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The City of Fairfield, Connecticut, 
is assured of continuous and eco- 
nomical operation of the aeration 
battery in their new Activated 
Sludge Sewage Treatment Plant. 
Bowe, Albertson & Associates, En- 
gineers, specified a Chicago Air 
Diffusion System to provide com- 
plete equipment for sewage aera- 
tion. Everything necessary from air 
to water is specifically designed 
and engineered as a unit to treat 
sewage and industrial wastes. The 
Chicago Standardaire Blower, 
Swing Diffusers and Precision Dif- 
fuser Tubes provide efficient, quiet, 
continuous operation at low cost. 
Over 100 Chicago Air Diffusion 
Systems have been specified or in- 


the plant is 4 M.G.D. Bowe, Albertson & A 


Aeration Tanks, Fairfield, Connecticut Sewage Treatment Plant, 
with Chicago Swing Diffusers and Precision Diffuser Tubes. Air is 
supplied by three Chicago Standardacire Blowers. Two Blowers ore 
direct connected to electric motors and have a capacity of 2000 
cfm each at 6.5 psi. One Blower is direct connected to a gos en- 
gine and has a capacity of 2100 cfm at 6.5 psi. Design flow of 


stalled in Sewage Treatment Plants. 
Other Chicago Sewage Equipment 
makes possible the most economi- 
cal and efficient operation of the 
plant. Two Chicago Comminutors 
cut coarse sewage matter into small 
settleable solids without removal 
from the channel. One 10” and 
two 8” Chicago Vertical Open Shaft 
Non-Clog Pumps handle the raw 
sewage. Everything was done to 
provide the City of Fairfield with 
a Sewage Treatment Plant that 
would deliver a clear, sparkling 
effluent. Shellfish beds in Long 
Island Sound and the recreational 
aspects of the surrounding waters 
will not be contaminated. 


CHICAGO PUMP COMPANY 


SEWAGE EQUIPMENT DIVISION 
622 DIVERSEY PARKWAY 


> CHICAGO 14, ILLINOIS 

Sere Petter, Plunger Swing Dittesers, Stenenery 
and Vertice! Now Clogs Mechankel Asreters, 
Ware Pumping Arete: Commineters 


=! 
TO PROTECT SHELLFISH AND BEACHES 
= 
ssociates, Engineers. 
EQUIPMENT 


FEDERATION OF SEWAGE AND INDUSTRIAL 
WASTES ASSOCIATIONS 


DIRECTORS 


Alabama: J. C. Crarxe (1954) 
Arizona: Leicu O. GarpNner (1955) 
Arkansas: Gren T. Ketroce (1955) 
California: K. A. Keren (1953) 
Canada: Nicot MacNicot (1955) 
Central States: W. D. Hatrierp (1954) 
Dakota: R. J. Stapr (1955) 

Federal: Ropert N. Crark (1953) 
Florida: J. R. Hoy (1953) 

Georgia: R. S. INcots (1953) 


> . Inst. San. Eng. ( Eng.) B. TowNenpd (1953) 
E, SHERMAN CHASE Inst. Sew. Pur. (Eng.): Martin Lovett (1953) 
Metcalf and Eddy (1953) 
cy ansas: G. E. Mau (1954) 
1300 Statler Bldg. Kentuchy-Tennessee: F. W. Kittrert (1955) 
Boston 16, Mass. Louisiana: J. J. Hortcreve (1955) 


Marylend-Delaware: W. M. oy (1954) 


NT Michigan: Crype L. Patmer (1955 
Vi0E-PRESIDE Missouri: L. J. Lukrorka (1954) 
Louis J. FONTENELLI Montene: (1953) 
Nebraska: Scott Witper (1955) 
Supervising iy we Meeti New England: W. H. Brown, Jr. (1954) 
Rahway Valley Joint Meeting New Jersey: Henry VAN Der Vutet (1954) 
Garwood, New Jersey New York: W. H. Larkin (1954) 
North wag P. D. Davis (1955) 
Ohio: T. C. (1954) 
TREASURER Oklahoma: J. T. —S (1953) 
W. W. DeBERarD Pacific Northwest: P. Hucues (1953) 


D Wate Pennsylvania: T. Reunine (1955) 

eputy Commissioner for Water Puerto Rico: Fetire Boscu (1953) 

ou ‘arolina: T. E. RoBERTSON, Jr. 

Chicago 2, Illinois Sweden: Nits WestBerc (1956) 

Switzerland: Epuarp HOoLIncer (1955) 


EXECUTIVE SECRETARY-EDITOR Texas: E. (1954) 
Virginia: . MerepitH (1953) 
W.. OE. WISELY West Virginia: H. D. Lyon (1953) 
325 Illinois Building At Large: Davin B. Leg (1953) 
Champaign, Illinois At Large: R. G. Tyrer (1954) 


At Large: Kerwin L. Mick (1955) 
W. and S. Wks. Mfgrs.: Ropert F. Ortu (1953) 


. and S. Wks. grs.: E. SCHLENZ (1 
F. W. MoHLMAN Ex-Officio: Earnest Boyce 
Director of Laboratories Coun 
The Sanitary District of Chicago Ex-Officio: F. W. GiLcneas 
910 8. Michigan Ave. Ex-Officio: H. HEUKELEKIAN 


Chicago, Illinois Ex-Officio: W. J. OrcHarp 


SEWAGE AND INDUSTRIAL WASTES 


REG. U. S. PAT. OFF. 


A monthly Journal devoted to the advancement of fundamental and practical knowledge concerning the nature 
collection, treatment and disposal of sewage and industrial wastes, and the design, construction, operation and manage 


ment of such works. 
PUBLICATION OFFICE 
Prince and Lemon Sts., Lancaster, Pa. 


EDITORIAL AND EXECUTIVE OFFICES 


325 — Bidg., Champaign, Ill. Send all manuscripts, advertising copy, subscriptions, address changes, etc. 
to this address 


SUBSCRIPTION RATES 
Members of local sewage works associations affiliated with the Federation, $5.00 per year. 
Non-members: U. S. and Canada, $7.50 per year; other countries, $9.00. (Foreign subscriptions must be accom- 
panied by International Money Order.) 
Single copies: United States $1.00 each; Foreign, $1.25 each. 


CLAIMS 
No claims will be allowed for copies of Journals lost in the mails unless such claims are received within sixty 
(60) days of the date of issue and no claims will be allowed for issues lost as a result of insufficient notice of change 
of address. ‘Missing from files’ cannot be accepted as the reason for honoring a claim. 


MAILING PERMIT 
Entered as second-class matter, May 7, 1934, at the post office at Lancaster, Pa., under the Act of March 3, 1879. 
Accepted for mailing at the special rate of postage provided for in the Act of February 28, 1925, embodied in para- 
graph (d-2), Section 34.40, P. L. & R. of 1948, authorized October 4, 1945. 


REFERENCE SERVICE 
Sewage and Industrial Wastes is indexed regularly by /mdustrial Arts Index and Engineering Index. 


Microfilm copies of this Journal may be procured from University Microfilms, Ann Arbor, Mich. This service is 
limited to regular subscribers only. 
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‘REASONS TO PICK ROTODIP 


FOR FEEDING 
FERRIC CHLORIDE 
% Accurate within 1°/, by volume Special materials available for 
handling corrosive liquids 
Uniform delivery due to unique 
design of Continuous agitation to prevent 
stratification in tank 


Wide range, infinitely adjust- Adaptable to flow-proportional 
able over 100 to 1 range KH pron 


Counter totalizes dipper wheel $ Available with recorder for chart- 
revolutions ing feeder output 


For full information on 
Omega Rotodip—the ideal 
feeder for metering and 
feeding ferric chloride — 
write for Bulletin 65-H12. 
Omega Machine Company, 
368 Harris Ave., Providence 
1, Rhode Island. 
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Alabama Water and Sewage Assn.* 
Taytor, Secretary 

Box 69 

Alabama Polytechnic Institute 

Auburn, Alabama 


Arizona Sewage and Water Works Assn.* 
M. V. Extuis, Sec.-Treas. 
c/o Sewage Treatment Plant 
Phoenix, Ariz. 


Arkansas Water and Sewage Conf.* 
Dr. Harrison Hate, Sec.-Treas. 
c/o Southern State College 
Magnolia, Ark. 


California Sewage and Wastes Assen. 
Sam A. Weep, Sec.-Tre 
Room 315, City Hall, Oakland 18, Calif. 


Canadian ~~ on Sewage and Sanitation 
Dr. A. Berry, Sec.-Treas. 
Ontario Beot of Health 
Parliament Bldgs. 
Toronto 8, Ontario, Canada 


Central States Sewage and Industrial Wastes 
Assn. 
A. Paut Troemper, Sec.-Treas. 
c/o Illinois Sanitary Water Board 
Springfield, 
Dakota ently ae Sewage Worke Conf. 
North Dakota Section* 
Jerome H. Svore, Sec.-Treas. 
c/o State Dept. of Health 
Bismarck, N. Dak. 


South Dakota Section* 
Cuarres E. Cart, Sec.-Treas. 
c/o Div. of Sanitary Engineering 
State Board of Health, Pierre, S. Dak 


Federal Sewage Research Assn. 
Lester M. KLasHMAn, Sec. 
Rm. 4218, Fed. Security Bldg., 
Washington 26, 


Florida Sewage and Industrial Wastes Assen. 
Donato P. Scuiesswout, Sec.-Treas. 
Bureau of San. Eng. 
P. O. Box 210 
Jacksonville 1, Fla. 


Georgia Water and Sewage Assn.* 
. T. Storey, Sec.-Treas. 
1210 Hemphill Ave., N.W. 
Atlanta, 


(Germany) Abwassertechnische Vereinigung 
WirHetm Bucxstesc, Sec.-Treas. 
Schliessfach 1112 
Rubrverband, Essen, Germany 


Institute of Sewage Purification 
Martin Lovett, FSIWA Contact Member 
206 Bradford Rd. 
Wakefield, Yorks, England 


Institution of Sanitary Engineers 
Ernest Batsom, Secretary 
118 Victoria St. 
Westminster, S. W. 1, London, England 


lowa Sewage Works Assn. 
Leo Sec.-Treas. 
P. O. Box 310 
Webster City, Iowa 


Kansas Sewage and Industrial Wastes Assn. 
Dwicut F. Merzrer, Sec.-Treas. 
c/o State Board of Health 
Marvin Hall 
University of Kansas, Lawrence, Kans. 


Kentucky-Tennessee Industrial Wastes and 
Sewage Works Assen. 
R. Paut Sec.-Treas. 
420 Sixth Ave., N., Nashville 3, Tenn. 
Louisiana Conference on Water Supply and 
Sewerage * 
Greorce L. West, Sec.-Treas. 
Water Dept., Lake Charles, La. 


* Sewage Works Section. 
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FSIWA MEMBER ASSOCIATIONS 


Maryland-Delaware Water and Sewerage Assn.* 
M. Bincrey, Sec.-Treas 
2411 N. Charles 18, Md. 
Michigan Sewage and Industrial Wastes Asen. 
D. M. Prerce, Sec.-Treas. 
Michigan Dept. of Health 
Room 334, Admin. Bldg., Lansing 4, Michigan 
Missouri! Water and Conf.* 
Warren Kramer, Sec.-Tre 
c/o State Office Bldg., Sixth Floor 
Jefferson City, Mo. 
Montana Sewage and Industrial Wastes Assen. 
Harvey W. Taytor, Sec.-Treas. 
Div. of Sanitary Engineering 
State Board of Health, Helena, Montana 
Nebraska Sewage and Industrial Wastes Assen. 
Paut W. Mouse, Secretary-Treasurer 
602 West B Street, McCook, Nebr. 
New England Sewage and Industrial Wastes 
Assn. 
STEPHEN M. Hurtey, Jr., Sec.-Treas. 
c/o State Dept. of Health 
331 State Office Bldg., Providence, R. I. 


New Jersey Sewage and Industrial Wastes 


sen. 
Micuaet S. Kacuorsky, Sec.-Treas. 
P. O. Box 766, Manville, N. J. 
New York Sewage and Industrial Wastes Assn. 
C. Sweeney, Secretary 
c/o State Dept. of Health 
21 N. Broadway, White Plains, N. Y. 
“—— Carolina Sewage and Industrial Waste 
ssn. 
E. C. Husparp, Sec.-Treas. 
State Board of Health, Raleigh, N. C. 
Ohio Sewage and Industrial Wastes Treat- 
ment Conf. 
Warp E. Conran, Sec.-Treas 
301 Ohio Depts. Bldg., Columbus 15, Ohio 
Oklahoma Water, Sewage and Industrial Waste 
Conf.* 
H. J. Darcey, Sec.-Treas. 
State Dept. of Health, Oklahoma City 5, Okla. 
Pacific Northwest Sewage and Industrial 
Wastes Assn. 
Rosert O. Sec.-Treas. 
Civil Engineering Dep’ 
University of na Seattle 5, Wash. 
Pennsylvania Sewage and Industrial Wastes 
Assn. 
B. S. Busu, Sec.-Treas. 
c/o Pennsylvania Dept. of Health 
Kirby Health Center, Wilkes-Barre, Pa. 
Puerto Rico Water and Sewage Works Assn. 
Rospert J. Autp, Sec.-Treas. 
c/o Puerto Rico Aqueduct and Sewer Service 
Box 2832, San Juan 12, Puerto Rico 
Rocky Mountain Sewage Works Assn. 
C. E. Harness, Sec.-Treas. 
272 City and County Bldg., Denver, Colorado 
South Carolina Water and Sewage Works 
Asen.* 
W. T. Linton, Sec.-Treas 
Wade Hampton Blidg., Columbia, 
(Sweden) Féreningen Fir Vattenhygien 
Sten Hesser, Secretary 
Box 5038, Stockholm %, Sweden 


(Switzerland) Association Suisse Des Profes- 
sionels De L’Epuration Des Eaux 
Epuarp Hotincer, Treasurer 
Spitzackerstrasse 17, Liestal, Switzerland 
Texas Water and Sewage Works Assn.* 
Exters, Sec.-Treas. 
501 W. 33rd St., Austin, Tex. 
Virginia Industrial Wastes and Sewage Works 
Assen. 
J. L. Hamaickx, Jr., Sec.-Treas. 
415 W. Franklin St., Richmond 20, Va. 
West Virginia Sewage and Industrial Wastes 
Assen. 
Gren O. Fortney, Sec.-Treas. 
State Dept. of Health, Charleston, W. Va. 
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Elliptical VENTURI TUBE... 


Assures accurate measurement of sewage, sludge, or trade 
wastes at low velocity ... even under low pressure! Throat 
ellipse’s major dimension is vertical—equal to diameter of 
circular main section. 


Flat, Straight Top 
— prevents accumulations of 
air or gas that under certain 
conditions could impede flow 
and distort measurements. 


_ Horizontal Invert 
—a flat straight bottom, self- 
scouring of sediments or 
solids. 


Teamed with a Simplex Venturi Meter, this new Type VE 
venturi tube assures accuracy under low-flow for a wide range 
of pressures. 


For further information, write to Simplex Valve & Meter Com- 
pany, 6719 Upland Street, Philadelphia 42, Pennsylvania. 


It’s Simplex — It’s Accurate 


VALVE METER COMPANY 
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MEMBER ASSOCIATION MEETINGS 


Association 


Kansas Sewage and Industrial 
Wastes Association 


California Sewage and Industrial 
Wastes Association 


Montana Sewage and Ind. 
Wastes Association 


Maryland-Delaware Water and Sewerage 
Association 


Virginia Industrial Wastes and Sewage 
Works Association 


Central States Sewage and 
Industrial Wastes Assn. 


New England Sewage and Industrial Wastes 
Association 


New York Sewage and Ind. 
Wastes Association 


Alabama Water and Sewage 
Association 


Ohio Sewage and Industrial 
Wastes Treatment Conference 


Pennsylvania Sewage and 
Industrial Wastes Assn. 


West Virginia Sewage and Industrial 
Wastes Association 


Iowa Sewage Works Assn. 
Rocky Mountain Sewage Works 
Association 


Kentucky-Tennessee Industrial Wastes 
and Sewage Works Assn. 


Missouri Water and Sewerage 
Conference 


Place 


Hotel Broadview, 
Wichita, Kans. 


Mar Monte Hotel, 


Santa Barbara, Calif. 


Hotel Kalispell, 
Kalispell, Mont. 


Commander Hotel, 
Ocean City, Md. 


Hotel Jefferson, 
Richmond, Va. 


Hotel Pere Marquette, 


Peoria, Ill. 


Laconia Tavern, 
Laconia, N. H. 


Hotel Sheraton, 
Rochester, N. Y. 


Univ. of Alabama, 
University, Ala. 


Mayflower Hotel, 
Akron, Ohio 


Pa. State College, 
State College, Pa. 


Hotel Morgan, 
Morgantown, W. Va. 


Iowa State College, 
Ames, Iowa 


Hotel La Fonda, 
Santa Fe, N. M. 


Owensboro Hotel, 
Owensboro, Ky. 


Elms Hotel, 


Excelsior Springs, Mo. 


Apr. 
Apr. 
Apr. 
May 


May 


Time 
22-24, 1953 


22-25, 1953 
23, 1953 
20-21, 1953 


21-22, 1953 


June 3-5, 1953 


June 5 


1953 


June 8-9, 1953 


June 


8-12, 1953 


June 17-19, 1953 


Aug. 


Sept. 
Sept. 
Sept. 


Sept. 


Sept 


26-28, 1953 
2-3, 1953 
2-4, 1953 
21, 1953 
21-23, 1953 


. 27-29, 1953 


TWENTY-SIXTH ANNUAL MEETING 
Federation of Sewage and Industrial Wastes Associations 
in conjunction with 

Florida Sewage and Industrial Wastes Association 
Municipal (Bayfront Park) Auditorium, Miami, Florida 
October 13-16, 1953 

Address hotel reservation requests to: FSIWA Convention 
Housing Bureau, 320 N.E. Fifth Street, Miami, Florida 


North Carolina Sewage and Industrial 
Waste Association 


Nebraska Sewage and 
Industrial Wastes Association 


Oklahoma Water, Sewage and 
Industrial Waste Conference 


Sheraton Hotel, 
High Point, N. C. 


Hotel Capital, 
Lineoln, Nebr. 


Okla. A & M College, 


Stillwater, Okla. 


Nov. 


9-11, 1953 


. 12-13, 1953 


Nov. 


16-20, 1953 
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from the YEOMANS GUARD 


Sarasota’s 
Sanitary System 
Called “Outstanding” 


. we have never seen finer sewage pump- 
ing equipment,”” says a letter from Russel «& 
Axon, Florida engineers on Sarasota’s sewage 
and treatment works; and ‘ ‘your engineers have 

done an outstanding job of equipment installa- 
tion.’ 


Nice to get a letter like that. It points up 
one fact about all Yeomans installations. The 
completion of a job is the beginning of our relation- 
ship with the customer. We make sure, to satisfy 
our own exacting standards, that a job is set 
up right and working before we consider it 
‘“‘delivered;”’ and we recognize no time-limit on 
our responsibility for the satisfactory perform- 
ance of our products. 


Sarasota’s equipment includes: 2 Expelsor 
Pneumatic Sewage Ejectors; 1 Shone® Pneu- 
matic Ejector; 2 air compressors to operate the 
ejectors; 3 vertical sewage and solids pumps, 
Series 6260 type; 20 vertical sewage and solids 
pumps, Series 6250 type; 1 single screenless 
ejector, submerged type. Sewage treatment 
equipment includes 4 Spiraflo clarifiers, 2  pri- 
mary and 2 final; 2 water seal pumping units. 


The system was designed to meet needs of 
expected increases in population. 


( ) Please send bulletins on sewage treatment 
equipment. 


Overall Removal of 
91.7 Per Cent at Hope, Ark. 
Treatment Plant 


... Full Report Available 


Have you on file the Hurwitz report? — a 
complete performance report on the Sewage 
Treatment Plant at Hope, Arkansas, by E. 
Hurwitz, Chief Chemist of the Sanitary District, 
Chicago. 


The Hope ge is a single-stage Aero-Filter 
plant in whic 


both primary and final settling 


® Registered Trade Name 


YEOMANS BrotHERS COMPANY 


is accomplished by Spirafio clarifiers. It is 
designed for a population of 5,000 and an ulti- 
mate 10,000. 

Average removal of suspended solids by pri- 
mary clarifier was 70 per cent and 
removal 47.7 percent. Overall removal effected 
by the plant was 91.7 per cent. 

The Hurwitz Report, complete with tabulated 
data, is yours for the asking. 


( ) Please send the Hurwitz Report. 


Alternators Not Necessary 
With Pneumatic Sewage 
Ejectors 


Automatic alternators cannot be used satis- 
factorily with pneumatic ejectors of any type 
known to Yeomans engineers—and should not 
be specified 


@ Reason Why: Two pots of a duplex unit are 
not equalized during the filling period; and 
the automatic alternator frequently causes 
a air to enter a pot only partially 
fi 


@ Result: Excessive waste of air and loss of 
capacity as a result of a large void in the 
pot, which must be brought up to operating 
pressure in order to function effectively. 


Interlocking valves are practical, however, on 
mechanically controlled Shone® duplex ejectors, 
types SDV and SAC; as are electrical interlocks 
on Shone electrode-controlled ejectors, SEC, 
and Package type; and on Expelsors. They 
provide consecutive operation of two units, and 
prevent closure of inlet valves of both units at 
the same time. There's more to be said—we'll 
gladly provide complete information on request. 

Moral: Forget all about alternators on Yeo- 
mans duplex pneumatic ejectors. 


The Yeomans Guard, published several times a year, 
is a compendium of news and useful ro 
covering the pumping of materials and the treat- 
ment of wastes, both domestic and industrial. 
We shall be pleased to send you the current issue 
if you'd care to have it. Ask your local Yeomans 
Representativ e—listed in the telephone book yellow 
pages under “Pumps’’—or write direct. 


1999-7 N. RUBY STREET, MELROSE PARK, ILLINOIS 
Manufacturers of: Centrifugal Pumps and Pneumatic Ejectors for Buildings, Municipalities, and 


Industrial Applications, and a Full Line of Waste Treatment Equipment. eames 
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Chappell, Neb. 


obtains 


provides high rate 
biological sewage treatment 


Chappell, Nebraska, required complete 
biological sewage treatment. At the 
same time, Chappell’s size (pop. 1500) 
would not allow a “blank check” 
budget. Fulton & Cramer, consulting 
engineers, solved the problem with an 
Aero-Accelator. This economical 
sewage unit installation provides rapid 
and sustained biological action with 
efficient clarification. 


FOR MORE 
INFORMATION... 


send for these detailed 
Infilco Bulletins 
6510-AS and 5100-AS 


SEWAGE AND INDUSTRIAL WASTES 


Complete sewage treatment 
at low per capita cost 


INFILCO INC. 


Griduetor’ 


intercepts larger solids... 
reduces them 
by cutting and shearing 


The Griductor protects 
Chappell’s equipment 
from fouling and 
clogging. The simplicity 
of its straight channel 
installation was an 
added economy. 


Tucson, Arizona 


Plants in Chicago ¢ Joliet, Illinois 


FIELD ENGINEERING OFFICES IN 26 PRINCIPAL CITIES 
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The best“ WEIGH”. . . 
is the MERCHEN way! 


W6&T Merchen Feeders give precision feeding of 
any waterworks chemical... by weight. 


FEATURES: 
—Continuous, minute-to-minute accuracy. 


—Durable construction, sealed bearings and dust 
shields. 


—Automatic built-in alarm switch. 

—Knife edges and pivots tipped with special alloy 
for long life. 

—Remote feed rate adjustment if desired. 


—Adaptable to fully automatic proportional control. 


Hundreds of installations feeding waterworks chemicals, indus- 
trial chemicals and feed and flour ingredients have proved the 
accuracy and dependability of these belt-type gravimetric feeders. 


USE W&T FEEDERS FOR WALLACE & TIERNAN 
Dependable Chemical Control COMPANY, INC. 


AND CHEMICAL CONTROL) 
 WEWARK 1, NEW JERSEY — REPRESENTED IN PRINCIPAL CITIES 
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his water control probe 

lems might have been easier. There's 
where you have the advantage over poor 
Noah, PEKRUL Water Control Equipment, 
and PEKRUL engineers stand ready fo. 
solve your most difficult requirements: 


Manufacturers of Pekrul Gates 
for 


FLOOD CONTROL 
LEVEES 
IRRIGATION 
WATER WORKS 
DAMS 

SEWAGE DISPOSAL 
RESERVOIRS 
PUMPING PLANTS 
OIL REFINERIES 
FISH HATCHERIES 
REARING PONDS 
RECREATION POOLS 
COOLING TOWERS 
STEEL MILLS 


MORSE 


If Noah had known about... 
a Write for Catalog 49 


dependable 
equipment 
fit your 
needs 


Large or small 
—a Conkey 
filtration 
plant can 
serve you 
well. Left, a 
self-contained 
package unit. 


GENERAL AMERICAN TRANSPORTATION CORPORATION 
Sales Office: 10 East 49th Street, New York 17, New York 
General Offices: 135 South La Salle Street, Chicago 90, Illinois 
In Canada: Canadian Locomotive Company, Ltd., Kingston, Ontario 
OFFICES IN ALL PRINCIPAL CITIES 
Other General American Equipment: Turbo-Mixers Evaporators 
Towers * Tanks * Bins * Dryers ¢* Pressure Vessels 
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These 

Two Methods 
End 

Sludge Disposal 
Problems 


Effective as modern processes of sewage treat- 
ment are, they can lose much of their value if 
proper sludge disposal methods are not adopted. 
The C-E Raymond System of Flash Drying 
and Incineration offers two completely modern 
methods of sewage sludge disposal — both per- 
formed by compact, reliable equipment. 


Flash Drying by the C-E Raymond System is a con- 
tinuous process in which vacuum filtered sludge 
— if uncontaminated with undesirable industrial 
wastes — is efficiently heat dried to a market- 
able fertilizer or soil conditioner retaining all its 
original nitrogen, but eliminating the objection- 
able qualities of the original wet sludge. In a 
well designed and operated “activated plant” 
the revenue from the sale of fertilizer is sufficent 
to cover the operating costs of both the drying 
and vacuum filtration. 


Incineration by the C-E Raymond System is an alter- 
nate, optional method. Where the production of 
fertilizer is not desired or the sludge is unsuit- 
able, it is flash dried and then completely burned 
in suspension to an easily disposable, sterile ash. 


The two methods can be combined in one sys- 
tem and used alternately as current market 
situations dictate. The entire design is com- 
pletely flexible and can easily be tailored to suit 
the requirements of any community. 


The services of C-E specialists are available 
to help you plan for the end of atmospheric or 
stream pollution in your community, as it has 
been done in so many others. For prompt, spe- 
cific recommendations on the most practical 
answer to your sludge disposal problems, get in 
touch with one of the Combustion offices listed 
at the right. B634A 


SLUDGE 


As a vacuum filter cake or thickened sludge 
from any type of sewage treatment process. 


and/or FERTILIZER 


As a fine dust, free from As a dry powder, con- 
clinker and unburned taining all the original 
organic materials. fertilizer ingredients. 


Industrial Sludges, Too are effectively 
and economically disposed of in C-E 
Raymond Flash Drying and Inciner- 
ation Equipment. Write for details. 


COMBUSTION 
ENGINEERING= 
SUPERHEATER, INC. 
FLASH DRYER DIVISION 
1315 North Branch Street 


Chicago 22, Illinois 


Western Office: 510 W. Sixth 
Los Angeles 14, Calif. 
Eastern Office: 200 Madison Ave, 
New York 16, N. Y. 
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5, Po. 


Manufacturers of Mathews Hydrants and “Sond- 
Spun” Pipe (centrifugally cast in sond molds) 
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GAS PIPING SCHEMATIC 


GaS SUPPLY 
F1G. 187 To TORY 
PRESSURE REDUCING / (ALTERNATE, 
REGULATOR “varec” 450 
FLAME TRAP 
DIGESTER 
\ 
O 4 
Lit 
‘seavice ¥ 
we TER EQUIPMENT 
CAS STERS 
$$ 
MAIN LIME LENGTH, 
REGULATOR TO SUPPL! 


“vaREC” FIGS 245 O8 
248 TRAPS 


GAS EQUIPMENT 
SPECIFICATIONS 
G. PRESSURE RELIEF AND FLAME 
TRAP ASSEMBLY 
“VAREC” Fig. No. 440 
b. FLAME TRAP ASSEMBLY 
“VAREC” Fig. No. 450 
¢. FLAME CHECK 
“VAREC” Fig. No. 52A 
d. EXPLOSION RELIEF VALVES 
“VAREC” Fig. No. 70-1 
@. WASTE GAS BURNER 
“VAREC” Fig. No. 236 
DRIP TRAPS 
“VAREC” Fig. No. 245 
(automatic) 
“VAREC” Fig. No. 248 
(hand operated) 
MANOMETERS 
“VAREC” Fig. No. 216A 


PROVED 


e 


New York Boston Pittsburgh 
Tulse * Casper, Wye. * Prove, Utah * Los Angeles San Francisco Seattle 


Utilizing sewage gas and safely disposing of 
excess gas is an automatic operation with “VAREC” 
Equipment incorporated into your sewage plant 
design. With this equipment, accurate gas pres- 
sures are maintained in all service lines. As soon as 
the digesters make more gas than required for 
service, the pressure relief valve to the waste gas 
burner opens to permit safe buming of the excess. 


Flame flashback to valuable equipment is pre- 
vented with “VAREC” Flame Traps and Flame 
Checks. The flame arresting element of the Flame 
Trap is designed to eliminate flame propagation of 
even more inflammable gases than encountered in 
sewage service. This element is the same as that 
used in “VAREC” Flame Arresters listed by the 
UNDERWRITERS’ LABORATORIES for petro- 
leum product storage. 


Emergency explosion relief is accomplished with 
“VAREC” Explosion Relief Valves. These valves 
should be installed outside of any buildings. 


An enlarged engineering drawing of the above 
gas piping detail will be sent upon request. If you 
design sewage treatment plants, write today. 


THE VAPOR RECOVERY SYSTEMS CO. 


COMPTON, CALIFORNIA, U. S. A. 


Cable Address: VAREC COMPTON USA (All Codes) 
Chicage * Detroit * Levis © 


Available from authorized Sewage Equipment 
threvghevt United Stetes end Cenede 
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Inertol Standard and Inertol Standard 
Thick give long-lasting protection to 
submerged concrete and metal sur- 
faces. Both coatings clean easily — 
accelerate flow of sewage. Gla- 

mortex #321 Black, an alkyd 

resin enamel, beautifies and 

safeguards non-submerged 

metal. A glossy, durable, 

Mmar-resistant paint. 


TUCSON, ARIZONA 


SEWAGE TREATMENT PLANT 


Consulting Engineers Headman, Ferguson and Carollo specify 
INERTOL coatings—developed especially for Sewage Plant use 


In specifying paints for this modern sewage 
treatment plant, Headman, Ferguson and 
Carollo of Phoenix, Arizona, demanded 
coatings that would deliver high-quality per- 
formance, economy and lasting customer 
satisfaction. Inertol Paints completely met 
their specifications for hardness, elasticity, 
chemical inertness and beauty. 

For years, durable Inertol coatings have 
proven their superiority in thousands of 


installations throughout America. They will 
perform just as successfully for you. For 
detailed information concerning the vast 
Inertol line, ask to have one of our Field 
Technicians call. Or write today for our 
“Painting Guide.” It’s free—and if you’re a 
Specification Writer, Design Engineer, Con- 
tractor or Plant Superintendent, you'll use 
it time and again for choosing the most suit- 
able type of Inertol coating for any surface. 


INERTOL CO., INC. 


482 Frelinghuysen Avenue 
Newark 5, New Jersey 


27 H South Park, 
San Francisco 7, California 
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Plating Waste Treatment 
Continuous Flow 


Package Unit 


Removal of Toxic Metals 


Clariflow provides for chrome reduc- 
tion, precipitation of hydrous oxides 
of chromium, nickel, copper, zinc, 
lead and iron; sludge separation; 
sludge thickening and disposal. 


Alkaline and Acid Wastes 


These wastes may be treated by batch 
or continuous process. Batch treat- 
ment requires only the addition of 
chemicals and mixing equipment. 


Clariflow is engineered in circular, square or rectangular shapes for new instal- 
lations or to modernize existing equipment. 


write for complete information 


WALKER PROCESS: EQUIPMENT INC. 
FACTORY * ENGINEERING OFFICES * LABORATORIES 
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You'll have less 


infiltration... 4 


conserve plant 
capacity... 


Total infiltration in an all- 
Transite sewer system (over 
5 miles of pipe) was so little 
the trickle had to be meas- 
ured through a 3-in. pipe in- 
serted in the Parshall flume! 


—ALL because of this RING-TITE JOINT used 
with Transite Sewer Pipe 


THE reduction of ground water infiltra- 
tion brought about by the Ring-Tite® 
Joint—now standard on all sizes of 
Transite® Sewer Pipe—can lead to a 
number of cost-saving results. 


For example, on one recently installed 
Ring-Tite System using 28,540 feet of 
Transite Sewer Pipe, in diameters of 6 
through 18 inches, the infiltration per 
inch of diameter, per hour, per mile of 
pipe came to a mere 0.85 gal. This low 
infiltration (including that from man- 
holes and connections to house sewers) 
was achieved despite the fact that a con- 
siderable portion of this installation was 
below the prevailing ground water table. 
(For specification purposes, an infiltra- 
tion allowance of 10 gallons per inch of 
diameter, per hour, per mile of pipe may 
be used with Transite Sewer Pipe.) 


Obviously, such minimum ground 
water infiltration helps reduce the load 


on treatment plants, cuts down on treat- 
ment costs, and conserves plant capacity 
for future expansion needs. This reduced 
infiltration plus Transite’s high flow ca- 
pacity (Manning’s N=.010) often permits 
the use of smaller diameter pipe for new 
installations. 


For further information on how this 
Ring-Tite Joint, used with corrosion re- 
sistant asbestos-cement Transite Pipe can 
help reduce your sewage costs, write 
Johns-Manville, Box 60, New York 16, 
N.Y. Ask for folder TR-103-A. 


TIGHT ALL THE WAY... Johns-Manville 
Transite Building Sewer Pipe assures a 
tight sewer system throughout. Many 
municipal officials are insisting that house 
and building connections to their sewage 
lines be made with Johns-Manville Build- 
ing Sewer Pipe to assure tightness 
throughout their systems. This pipe also 
has a rubber ring sealed joint. 


‘Transite is a registered Johns-Manville trade mark 


Johns-Manville TRANSITE SEWER PIPE 
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AT HUNTS POINT POLLUTION CONTROL PLANT—one of 
the nine plants handling New York City’s sewage— 
five Worthington vertical close-coupled mixflo sew- 
age pumps are regularly at work (four shown, fifth 
stands in immediate foreground). 


1689 mgd of New York City’s Treated 
Sewage handled by Worthington pumps 


If you want to see Worthington sewage pumps— 
large and small—at work, you can’t go wrong by 
looking inside six of the nine major disposal plants 
that serve the City of New York. A total of 1689 mgd 
installed capacity of Worthington sewage pumps are 
now in regular use in the world’s largest city. 

New York’s installed capacity of sewage pumps is 
among the largest in the U. S., so you'd naturally 
expect the city’s public works officials to be familiar 


All Major Public Works Equipment Under One Responsibility 


with Worthington performance—performance that 
years ago gave Worthington its position as world 
leader in the manufacture of pumping equipment. 
Hundreds of smaller municipalities across the coun- 
try know Worthington, too, not only for sewage 
pumps but for water-works pumps, comminutors, 
engines and other public works equipment. Worthing- 
ton Corporation, Public Works Division, Harrison, 

New Jersey. 
w23 


WORTHINGTON 


S 


Public Works Equipment a 
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B.0.D. reduced over 98% 
. . . from 3000 ppm to 33 ppm! 


That's the job this industrial waste treatment plant is doing at the 
L. A. Dreyfus Company in Oaktree, New Jersey. Installed in 
a residential neighborhood, the plant plays an important part in this 
Company’s comprehensive waste treatment control plan. The 
flowsheet includes equalization and pre-digestion in special 30’ dia. Dorr 
Digesters followed by the Biofiltration System using a Dorr 
Clarifier and a Dorrco Distributor. 
There’s no ‘‘cure-all’’ for industrial waste treatment. But there’s a 
good chance that Dorr’s diversified equipment and diversified 
experience can add up to the right kind of solution. The 
L. A. Dreyfus Company’s installation is just one example. 


@ If you have a waste treatment problem we would 
welcome the opportunity to work with your con- 
sulting engineers. If you are a consulting engineer 
actively engaged in waste treatment, our experience 
is at your disposal. 


WORLD - WIDE RESEARCH + ENGINEERING + EQUIPMENT 


THE DORR COMPANY - ENGINEERS - STAMFORD, CONN 
Associoted Companies and Representatives in the principal cities of the world 
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ELECTRIC POWER SYSTEM PRACTICES FOR 
SEWAGE PLANTS 


By M. C. Boaeis anp N. L. HapLey 


Application Engineer, Sewage and Water Works, and Application Engineer, 
Industrial Power Section, respectively, Industrial Engineering Dept., 
General Electric Company, Schenectady, N. Y. 


Without minimizing the importance 
of other segments of sewage plant op- 
eration, it can be properly stated that 
a co-ordinated electrical system is the 
life line of the modern sewage plant. 
No matter how well-planned and exe- 
cuted are the mechanical and hydraulic 
operations, the over-all result will be 
less than successful without a proper 
power distribution system. 

Any treatment of so broad a subject 
must necessarily be general: there is 
not now, nor is it likely there ever 
will be, any magie formula for solving 
the problems presented by all possible 
conditions and situations. In that re- 
gard, it is also emphasized that this 
paper is not presented as an alternative 
to careful investigation and planning 
by competent engineers. Rather, by 
presenting a resumé of certain accepted 
principles and practices, it is intended 
to provide a basic understanding upon 
which such studies can be intelligently 
launched. 


Objectives 


The basic requirements for the mod- 
ern sewage plant power distribution 
system are adequacy, reliability, and 
safety. No one of these requirements 
should be sacrificed for the sake of 
initial economy, as this would surely 
be false economy. 

The adequacy of an electric power 


* Presented at 25th Annual Meeting, Fed- 
eration of Sewage and Industrial Wastes 
Assns.; New York, N. Y.; Oct. 6-9, 1952. 
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system is determined by the ratings 
of the equipment in the system. Thus, 
continuous-current ratings, short-cir- 
cuit ratings, and electrical impedances 
of component equipment should have 
limits dictated mainly by the require- 
ment of adequacy. 

Reliability concerns the ability of 
the electric system to deliver power 
when and where it is required, under 
abnormal as well as normal conditions, 
within the reasonable limitations of 
modern electrical equipment. The cri- 
terion, therefore, is the continuity of 
electric service to essential loads, re- 
gardless of the loss of a normal power 
source or failure of a system com- 
ponent. 

Safety involves the protection of 
plant personnel, as well as the safe- 
guarding of electric equipment against 
undue damage due to overload or short 
circuit. 

In this paper an attempt is made to 
set forth the main considerations in 
electric power system design and 
equipment to achieve the three objec- 
tives described. Detailed power system 
design, selection of equipment ratings, 
and settings of protective devices are 
beyond the scope of this paper. A 
treatise covering these details and com- 
plete enough to be useful in all cases 
would require several volumes. Printed 
information and consultation are read- 
ily available to plant designers and 
operators to assist in solving specific 
problems. 
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Power Supply 


As would seem logical, first thought 
should be directed to the power sup- 
ply. In the majority of installations 
all power is purchased from the local 
electric utility, which can offer excel- 
lent reliability at reasonable rates. 
The required voltage for utilization in 
small plants is most generally made 
available to the power customer with- 
out need for further transformation 
except to supply lighting circuits and 
small auxiliaries. The rate schedule of 
the local power company will generally 
determine whether buying power at the 
required voltage level for the major 
loads or buying transformers to estab- 
lish this voltage is the more economical 
solution, although the option may not 
always be available to the power cus- 
tomer. There are, however, advantages 
to consumer-owned substations, even 
though no savings can be shown. Pre- 
dominant among these advantages are 
control of the type of substation used, 
the transformer capacity, the second- 
ary switching arrangement, and the 
ability to schedule maintenance when 
most convenient. While duplicate serv- 
ice (two incoming lines) is generally 
desirable to meet greater power re- 
liability requirements, the practical 
ability of the power company to pro- 
vide this preferred service will be 
greatly affected by the location of the 
plant. 

To achieve greater reliability, local 
diesel or dual-fuel engine-driven gen- 
erators may be warranted. These gen- 
erators may be used for stand-by 
service to supply essential plant load 
in the event of loss of utility service, 
or they may sometimes be operated in 
parallel with power company lines to 
supplement utility service. The latter 
mode of operation can probably be 
justified only when digester gas is used 
as the engine fuel. A few large 
installations are completely independ- 
ent of an outside source of electric 
power, with all power generated lo- 
cally by dual-fuel engine-generator 
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sets. Whether any form of local gen- 
eration should be included in a plant 
design rests primarily on the compara- 
tive total cost of power. Therefore, a 
careful comparison should be made of 
purchase power versus the initial cost, 
operation and maintenance expense, 
and depreciation charges of engine gen- 
erators and associated equipment (in- 
eluding fuel holders, gas compressors, 
and other fuel-handling equipment). 
The assumption is not always true that 
total cost of locally generated power 
will be cheaper than purchased power 
simply because by-product digester gas 
is utilized as fuel in the prime movers. 

Special care is necessary in specify- 
ing the size of generators for stand-by 
service. The generator rating must of 
course be able to supply the total run- 
ning-load requirements for minimum 
operation of the plant. But a gener- 
ator must be considerably larger in 
kva. rating than the full-load kva. or 
horsepower rating of the largest motor 
to be started. To limit generator volt- 
age dip to 25 per cent under motor 
starting conditions, the generator kva. 
rating must usually be just slightly 
more than the motor starting kva. In 
the case of full-voltage starting, this 
would mean a rating of about six 
times the motor full-load kva. It can 
be seen that adequate stand-by generat- 
ing equipment can comprise sizable ap- 
paratus and correspondingly sizable 
cost. 

Voltage Selection 


In requesting a service voltage from 
the power company, or in selecting the 
secondary voltage of customer-owned 
transforming equipment, this voltage 
should be a suitable utilization voltage 
for the largest motors to be installed. 

In general, small motors should be 
rated at 440 v., except for fractional- 
horsepower, single-phase motors. If 
there are many small motors within a 
plant comprising either a concentrated 
load of approximately 1,500 kva. or 
more, or spot loads in widely separated 
areas, it may be advisable to distribute 
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the power at a higher voltage and 
transform to the motor voltage at se- 
lected areas in the plant. This system 
is known as load-center power distribu- 
tion and is dealt with in detail later. 

The larger sewage plants require 
two or more motor utilization voltages 
because of the wide variation in indi- 
vidual motor sizes. In addition, some 
120-v. power is needed in all plants, 
large or small. The standard three- 
phase system voltages most frequently 
used in sewage plants are 240, 480, 
2,400, and 4,160 v., the last three being 
preferred. Except when the power 
company can furnish only 240-v. serv- 
ice, this voltage level should not be 
used. 

Although voltage selection should be 
reviewed for each individual plant be- 
cause of special influences in each case, 
a rough rule-of-thumb may be exer- 
cised to choose voltage levels suitable 
for particular motor ratings. Up to 
300 to 400 hp., 440-v. motors may be 
applied without sacrificing good motor 
design. In many plants, single appli- 
cations in these sizes may prove to be 
the most economical. Above 150 hp., 
2,300-v. ratings are satisfactory. A 
minimum size for 4,000-v. motors is 
about 250 hp. There is an obvious 
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overlapping of horsepower sizes in the 
three voltage ranges. All other factors 
being equal, the choice should be based 
on total cost in the overlapping re- 
gions. For example, if an 800-hp. mo- 
tor drive is to be supplied, the voltage 
rating choice of 4,000 or 2,300 v. would 
depend on the voltage of the incoming 
power supply. Logically, if this source 
is 4,160 v. the motor should be rated 
4,000 v. to avoid the cost of transform- 
ing equipment. Similarly, over-all 
costs would favor 2,300-v. motors if 
the incoming power supply is 2,400 v. 
In the case of a 13.8-kv. supply the 
solution is not so clear cut. Trans- 
formation is definitely indicated in the 
assumed case of an 800-hp. motor. The 
matter of economy will not decide 
whether a 2,300-v. or a 4,000-v. motor 
should be selected, because costs would 
be very nearly the same. As a general 
suggestion, establishment of a 2,400-v. 
bus would be preferable for the range 
of motor sizes found in sewage plants, 
and would probably be the best choice 
in this example. These voltage-vs.- 
horsepower recommendations are de- 
picted in Figure 1. The heavy vertical 
lines that extend across two voltage 
bars, indicate the horsepower ratings 
at which costs are about the same at 
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either voltage. Higher horsepowers 
than would be used in sewage plants 
are shown in Figure 1 for the sake of 
completeness. 

The basis for the voltage selections 
given is the result of several considera- 
tions other than economy. The me- 
chanical strength of motor windings, 
electrical characteristics of the motors, 
and margins of insulation strength 
have also influenced these recommenda- 
tions. Although motors are available 
as standard listed items which depart 
considerably from these general volt- 
age limitations, they should not be 
construed as being recommended by 
the manufacturer. Such motors are 
offered to satisfy those exceptional 
cases wherein such a rating may be 
justified after considering all of the 
circumstances. 


Motor-Starting Voltage Disturbances 

Starting synchronous or squirrel- 
cage induction motors on full voltage 
may draw currents of five to eight 
times their full-load running currents. 
Unless the power system is properly 
and adequately designed, voltage drops 
caused by such peak loads can cause 
difficulties at various points in the sys- 
tem. Voltage dips in excess of 25 per 
cent may result in the stalling or shut- 
down of loaded synchronous or indue- 
tion motors. Frequent voltage dips of 
only 2 per cent may cause objection- 
able lighting flicker, although this is 
not so serious a problem in sewage 
plants as it may be in other types of 
plants. The most important consider- 
ation should be that of maintaining 
voltage in order to prevent motor stall- 
ing and to avoid dropping out of con- 
trol devices. In general, high-voltage 
distribution should be carried as close 
to the point of utilization as possible 
in the interest of good voltage con- 
ditions. 

Some motor applications require al- 
most full-rated voltage for success- 
fully accelerating the mechanical load. 
The power supply must therefore be 
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sufficiently ‘‘stiff’’ so the motor termi- 
nal voltage will not be greatly affected 
by the motor starting demand. A long 
cable feeder or a comparatively small 
transformer between the motor and the 
power source may produce unaccept- 
able voltage dips during starting. Un- 
der motor starting conditions, 5 per 
cent voltage dip will, in general, not 
be exceeded on a cable feeder if the 
cable length does not exceed 500 ft. 
for each 1,000 v. between lines of the 
feeder. The impedances of the various 
components in a circuit must be stud- 
ied investigating unsatisfactory 
voltage conditions. In the ease of a 
plant employing local generation, closer 
attention should be given to the prob- 
lem of voltage dips because of the very 
much less inherent stiffness of such a 
supply as compared with a_ utility 
power supply. Because engine-driven 
generators are sometimes picked at the 
minimum rating which will satisfae- 
torily supply the intended running 
load, the voltage depression due to sud- 
denly applied low power-factor peak 
loads, such as motor starting, may re- 
sit in the trouble described. 
Unacceptable voltage disturbances 
in the plant electrical system can some- 
times be reduced to tolerable levels by 
using reduced-voltage starters for the 
offending or largest motors. On the 
other hand, a sound approach to the 
problem is first to assume that full- 
voltage starting will be employed 
throughout and then investigate the 
magnitude of the voltage disturbances 
and consider whether they should be 
regarded as really harmful. In short, 
the reduced-voltage starter should not 
be selected simply on a suspicion, since 
it is much more costly, more compli- 
cated, and therefore somewhat less re- 
liable, and oceupies more plant floor 
space. Experience has shown that full- 
voltage starting could be employed to 
a much wider extent than it has been. 
In addition to the effects on the sys- 
tem voltage in the sewage plant, con- 
sideration must also be given to the 


: 

| 
. 

by 


Vol. 25, No. 4 


effect produced in the purchased power 
supply. It can be expected the amount 
of disturbance that can be tolerated 
by the utility will be smaller than may 
be acceptable within the plant. How- 
ever, it is generally true that the volt- 
age dip in the power company supply 
from the same cause will be very much 
smaller, owing to the usual trans- 
former reactance between the plant 
main bus and the utility point of in- 
terest in service to other users. Again, 
the amount of this disturbance is read- 
ily calculated and a decision should be 
based on a calculation rather than any 
general policies that are bound to ex- 
act many unnecessary penalties. 


Power Factor 


Electric utility rate schedules usu- 
ally include a power-factor clause or 
its equivalent, and a sewage plant may 
be able to show an important reduc- 
tion in operating expense by installing 
capacitor equipment for power-factor 
improvement. The optimum amount 
of improvement can be determined 
only by a study of assumed typical 
operating conditions under the rate 
schedule applying. There are many 
cases where capacitors have paid for 
themselves in less than two years by 
reducing power costs. 

Except for major installations, sew- 
age plants seldom have a large syn- 
chronous-motor load which may be 
used to give over-all high plant power 
factor. In sewage plants it generally 
will be less expensive and otherwise 
more satisfactory to install capacitors 
with induction motors than to employ 
synchronous motors for the sole pur- 
pose of improving power factor. 

On large individual motors, indi- 
vidual capacitors connected directly to 
the motor terminals permit the motor 
starter to serve also as the capacitor 
switching equipment. Another method 
of application is to connect one or more 
capacitors with individual switching 
equipment to selected buses in the sys- 
tem. Caution should be exercised in 
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the application of a capacitor to an 
individual motor so that the amount 
of capacitive kva. does not exceed the 
magnetizing kva. of the motor. This 
will rarely occur if power-factor im- 
provement above 95 per cent is not at- 
tempted. The difficulties experienced 
with excessive capacitive kva. appear 
as over-voltages due to self-excitation 
when the capacitor and motor are 
switched off together by the motor 
starter. 

Reduction of power costs is not the 
only advantage realized by power-fac- 
tor improvement. Release or increase 
of system capacity, reduction in elec- 
trical losses, and improvement of volt- 
age conditions are additional benefits 
which can be achieved. 


Types of Systems 


Classification of system types is made 
according to the primary supply ar- 
rangement and any secondary inter- 
connections. Different types of distri- 
bution are used to modify system 
characteristics. 

The simplest, least expensive, and 
most common type of distribution is 
the simple radial system characterized 
by a single source of power supply and 
a single power channel to each load or 
group of loads (Figure 2). With mod- 
ern equipment, properly installed and 
maintained, the service reliability 
based on statistical failure records is 
extremely good and this system is 
capable of satisfying all but the most 
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FIGURE 2.—Typical unit substation for a 
simple radial distribution system. 
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FIGURE 3.—Double-ended unit substa- 


tion for a secondary-selective distribution 
system. 


TRANSFORMERS 


demanding requirements in this re- 
spect. 

The secondary-selective arrangement 
is basically two radial units, each with 
its own power supply. The total load 
is split about evenly on the transformer 
secondaries, with a normally open tie 
circuit between the bus sections (Fig- 
ure 3). Each of the two transformers 
with its secondary switching equipment 
operates normally as a separate radial 
unit providing all the characteristic 
qualities of simple radial distribution ; 
that is, low cost, safety, ease of opera- 
tion, and simplicity. The system cost 
js increased from about 10 to 15 per 
cent over the cost of the simple radial 
type of distribution. The most im- 
portant benefit of the secondary-selec- 
tive connection can be considered to be 
a greater flexibility in permitting a pri- 
mary feeder, a transformer, or a trans- 
former-secondary breaker to be taken 
out of service while still maintaining 
service on both secondary load buses. 


This characteristic is particularly im- 
portant in executing a_ well-planned 


maintenance program, and it also 
makes it possible to reach all of the 
connected load if either a primary 
cable or a transformer is out of service 
due to failure. This added degree of 
service reliability can be further aug- 
mented for the most demanding re- 
quirements by increasing the trans- 
former sizes to permit continuously 
supplying a larger percentage of the 
total demand load during an enforced 
outage. 
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Other than these two very useful 
arrangements, there are numerous com- 
binations of primary and secondary 
interconnections, which produce other 
system types. However, other inter- 
connection variations are not particu- 
larly needed in sewage plant installa- 
tions, and the additional costs and com- 
plications can seldom be justified by 
actual improvements in system char- 
acteristics. 

In the larger plants, with a large 
concentration of load or a load spread 
over a large area, simple radial or 
secondary-selective units, or both, may 
be used in the plant distribution sys- 
tem. The equipment used in the sev- 
eral selected load areas would be unit 
substations, subsequently described as 
transformers with directly associated 
switching equipment. Figure 4 is a 
simplified one-line diagram of the dis- 
tribution system for an _ activated 
sludge plant, illustrating one of sev- 
eral load center unit substations lo- 
cated as close as possible to the loads 
which they serve. For example, sepa- 
rate unit substations may be located 
in the screening and pumping building, 
in the sludge building, and in the aera- 
tion building. 

This scheme of distribution is com- 
monly called a load center distribution 
system. The broad objectives of load 
center distribution are to arrive at 
a best compromise of system voltage 
conditions and low installed cost while 
still using safe, adequate, and reliable 
equipment. 


Interrupting Capacity 

The often repeated warning regard- 
ing adequate interrupting capacity of 
electric devices is not electrical 
manufacturers’ myth. The relatively 
large amount of power involved in 
electrical short circuits in power sys- 
tems, if uncontrolled, can cause exten- 
sive and serious damage, as well as in- 
jury and perhaps loss of life to operat- 
ing personnel. The cost of repair and 
replacement of damaged equipment 
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and the consequential losses due to the 
extended shutdown of a plant may 
easily be many times the difference in 
cost between adequate and inadequate 
equipment. Fuses and cireuit break- 
ers are the system devices that inter- 
rupt fault currents and thereby con- 
trol the potential hazard and damage. 
Such devices should have interrupting 
ratings equal to or higher than the 
maximum short-circuit duty calculated 
for the point of installation. 

Today there is general acceptance of 
the application of adequate switching 
equipment in power distribution sys- 
tems. The acceptance has been has- 
tened because (a) the seriousness of 
the problem has been well-publicized 
from accumulated factual information ; 
(b) generally-endorsed methods of de- 
termining short-circuit duties have 
been worked out and are easy to ap- 
ply; and (c) the cost of doing the job 
right has been kept reasonable by 
properly proportioning the compo- 
nents of a distribution system to keep 
system short-circuit duties as low as 
possible consistent with acceptable 
voltage conditions. 


Overcurrent Protection 


Successful fault handling extends 
beyond the selection of devices that 
will satisfactorily interrupt an ab- 
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normal current. It is also important 
to prevent or minimize the damage and 
perhaps hazard, that may appear in a 
cable, a motor controller, or other de- 
vice during the clearing operation, 
even though the device itself was not 
initially in trouble. 

Complete overcurrent protection on 
a system basis can be specified only 
from an over-all system engineering 
study. The objective of overcurrent 
protection is first to protect from dam- 
age that equipment which is within the 
zone of the protective device. For ex- 
ample, a motor must not be permitted 
to operate indefinitely at any overload 
to which it is not suited, and higher 
overcurrents from faults must be 
cleared as promptly as possible. In 
addition, protective devices should be 
co-ordinated so that the smallest part 
of the system will be shut down in case 
of trouble. For example, an overcur- 
rent condition on one feeder should 
not jeopardize continuity of operation 
for the rest of the plant. Selective 
overcurrent devices in this respect do 
the ‘‘thinking’’ for the power system. 


System Grounding 
Another protective measure wisely 
included in power system design is the 
practice of system grounding. System- 
neutral grounding is the connection to 
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FIGURE 4.—One-line diagram of a large sewage plant distribution system. 
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ground from the neutral points of 
power sources, which may be Y-con- 
nected transformers or generators, or 
from a system neutral point artificially 
established by a grounding trans- 
former. 

Important benefits are derived from 
grounded-neutral operation. Destruc- 
tive transient overvoltages of several 
times normal are essentially eliminated 
in a grounded-neutral system. These 
overvoltages initiated by a_ line-to- 
gvround fault in the ungrounded system 
may cause immediate failure of insula- 
tion at one or more other points in the 
system. Even if this does not happen, 
there is a tendency to have a second 
eround fault for the following reason: 
A single line-to-ground fault on an un- 
grounded system places _line-to-line 
voltage between the other two lines 
and ground for an indefinite time. 
This steady-state excess voltage will 
seldom cause immediate insulation fail- 
ures, but may seriously impair insula- 
tion life if allowed to persist. Line-to- 
ground faults on an ungrounded sys- 
tem do cause a comparatively small 
amount of fault current to flow (charg- 
ing current)—not enough to operate 
protective devices, but sufficient to 
cause burning at the point of fault. 
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Over an extended period of time, how- 
ever, this burning may greatly increase 
repair cost as compared with immedi- 
ate tripping, even at a much higher 
ground-fault current. 

Should a second ground fault occur 
on another phase from either cause 
mentioned above, the fault-current con- 
dition illustrated by Figure 5 results. 
The fault current will likely be high, 
causing tripping in two circuits and 
producing considerably greater dam- 
age than would have resulted from 
crounded-neutral operation where only 
the first circuit would have been shut 
down with a fault current of similar 
—and sometimes much lower—value. 

It is equally interesting to examine 
the case where an ungrounded system 
continues to operate with a ground 
fault at one point. A small continu- 
ous current exists at the point of fault, 
as already described, but no load is 
shut down. This temporary freedom 
from unexpected loss of load is com- 
monly cited as an important advantage 
of ungrounded operation. However, a 


careful check of operating experience 
reveals that single persistent ground 
faults are very difficult and expensive 
to locate. It often turns out that the 
trouble-shooting takes place automati- 
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FIGURE 5.—Double ground faults on an ungrounded system. 
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cally when a second ground fault oec- 
curs, with the bad effects already de- 
scribed. 

Systems rated 600 v. and below 
should have the neutral solidly 
grounded. This will result in suffi- 
ciently high values of ground-fault cur- 
rents to give rapid operation of low- 
voltage overcurrent devices. Systems 
rated 2.400 or 4,160 v. usually have 
transformer or generator neutrals 
grounded through a grounding re- 
sistor. The resistor is selected to limit 
ground-fault currents to relatively low 
values, which will minimize damage but 
will be adequate to operate system 
eround-fault relays. Rotating machine 
fault protection can be greatly im- 
proved because most winding failures 
will be limited-current ground faults, 
which are easily detected by overcur- 
rent ground relays. If the transformer 
supplying a 2,400-v. system is not 
larger than about 1,000 kva., or not 
larger than 1,500 kva. for a 4,160-v. 
system, solid neutral grounding with 
some cost savings may be employed be- 
cause the maximum ground-fault cur- 
rents produced from these relatively 
small sources may be considered ac- 
ceptable. 

These various system-grounding rec- 
ommendations are at the option of the 
power consumer only if the consumer 
owns the transformers or substation 
equipment supplying the plant. In 
most plants, particularly the larger 
ones, this situation prevails. 


Equipment Grounding 


Equipment grounding consists of the 
metallic interconnection between the 
frames and enclosures of electric ap- 
paratus, the piping and structural steel 
in the plant buildings, and the ground 
bus. The functional purpose of the 
equipment grounding system is strictly 
a matter of safety—that is, a reduction 
of shock hazard to personnel and also 
a reduction of hazard to building equip- 
ment by providing adequate channels 
for ground currents that may originate 
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in the power system or from lightning 
discharges. It should be understood 
that the equipment-grounding system 
is still necessary whether the power 
system has a grounded neutral or not. 


Lightning Protection 


Power system components must be 
protected against the severe overvolt- 
ages initiated by lightning strokes. 
These strokes, if direct to circuit con- 
ductors, may impose potentials of sev- 
eral million volts on an unprotected 
power system. Nearby strokes can in- 
duce up to 500,000 v. on an unprotected 
system. Power systems in sewage 
plants do not,‘in general, present di- 
rect lightning exposure to circuits 
within the plant area. Such systems 
may nonetheless be subjected to light- 
ning overvoltages of a damaging mag- 
nitude by voltage surges communicated 
over exposed power company lines and 
through the plant transformers. Bar- 
riers to these voltage peaks are avail- 
able in the form of lightning arresters, 
which should be applied at the termi- 
nation of each exposed incoming power 
line. Lightning arresters function to 
limit the peaks of lightning surges and 
let through a voltage magnitude which 
can be withstood by the power distri- 
bution equipment. Motors are particu- 
larly susceptible to damage by steep- 
front lightning surges and may require 
additional protection by means of 
surge capacitors and sometimes addi- 
tional lightning arresters installed at 
the motor terminals. Although the 
magnitude of a lightning surge is di- 
minished by lightning arresters, the 
steep-front characteristic of the surge 
voltage tends to concentrate a large 
portion of the overvoltage across the 
first turn of a motor end coil. The 
voltage stress on the first turn can be 
hundreds of times normal and it can 
readily break down the turn insulation. 
Surge capacitors have the ability to 
reduce the steepness of the wave. The 
resulting voltage penetrates further 
into the motor winding, reducing the 
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concentration of stress across the end 
turns. For complete protection, ca- 
pacitors should be applied on all mo- 
tors, but because of cost and installa- 
tion difficulties they have often been 
omitted on smaller and less important 
machines. Surge protection is not 
needed for motors rated less than 600 
v. for installations without direct ex- 
posure to lightning because of the 
much greater margin in_ insulation 
found in these motors. 


Equipment 

A discussion of power system prac- 
tices would not be complete without a 
brief description of the physical equip- 
ment employed in a modern sewage 
plant system. Electric equipment of 
modern design provides many benefits. 
Reliability has already been discussed. 
Careful selection of the components in 
the design of a power system will go 
a long way toward the attainment of 
a high degree of reliability. Manufac- 
turers have made persistent efforts to 
improve the appearance of electrical 
equipment. Total enclosure of all cur- 
rent-carrying parts affords a great re- 
duction in hazards to personnel, facili- 
tates maintenance, and better protects 
the electric equipment itself from dirt 
or mechanical damage. Manufacturers 
can Offer, in many cases, combinations 
of related components in single equip- 
ments. This unit responsibility is 
beneficial to the purchaser from the 
standpoint of proper co-ordination and 
final performance of components to 
meet the requirements of the individual 
installation. 


Transformers 

Transformers are available in several 
types. Askarel-filled and dry-type 
transformers are available for indoor 
use without expensive fireproof vault 
construction.  Oil-filled transformers 
may be used only outdoors or in special 
transformer vaults. Noninflammable 
askarel-filled units are sometimes pre- 
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ferred for outdoor installation close to 
a building to reduce fire hazard. 

When dry-type transformers are 
given preference over askarel-filled 
units, it is usually to secure one or 
more of the following characteristics 
that tend to favor dry-type units: 


1. Lower weight. 
2. Improved appearance. 
3. Elimination of liquid. 


On the other hand, dry-type trans- 
formers are considered to compare un- 
favorably in some other respects. The 
impulse strength (ability to withstand 
surge voltages) is only about half that 
of a liquid-filled unit of the same rat- 
ing. The use of dry-type transformers 
should be avoided, therefore, where the 
system has lightning exposure, because 
lightning arrester protection becomes 
marginal. The windings of natural- 
draft or foreed-air-cooled dry-type 
transformers are completely exposed to 
ambient conditions, and the character 
of the atmosphere to which they will be 
subjected should be considered. The 
possibility exists of unsatisfactory 
winding life, depending on the kind 
and amount of contaminating impuri- 
ties in the surrounding atmosphere. 

To combat this limitation, a sealed 
dry-type unit is available at a higher 
cost. The sealed unit should serve sat- 
isfactorily in an installation where un- 
suitable ambient conditions are the 
only obstacle to the use of a dry-type 
transformer. 

Liquid-filled transformers are con- 
sidered to possess the highest degree of 
reliability of any of the main compo- 
nents of a power system. Statistical 
information reveals a reliability index 
of 2,500 transformer-years. This 
means that, on the average, a plant 
with five transformers should not suf- 
fer a transformer failure oftener than 
once every 500 years. 

The choice of a single 3-phase trans- 
former or three single-phase trans- 
formers connected to form a 3-phase 
bank is often a matter of habit or 


| 

| 


Vol. 25, No. 4 


personal opinion. The additional cost 
and space requirement for three 
single-phase transformers of the same 
total kva. rating would favor a 3- 
phase transformer. Installations in- 
volving a single power supply and a 
single transformer bank connected 
delta-delta are offered some improve- 
ment in service reliability because 
open-delta operation of two of the three 
single-phase transformers can be used 
in the event of failure of one of the 
units. This mode of operation will per- 
mit loading up to 58 per cent of full 
transformer bank capacity, but with 
an unbalanced voltage output. How- 
ever, delta-connected transformer sec- 
ondary windings make it difficult to 
attain the advantages of system-neu- 
tral grounding. Single-phase trans- 
formers are not available in unit sub- 
station construction, the advantages of 
which are described in detail later. 
The high level of reliability of trans- 
formers should be considered when the 
choice between single-phase and 3- 
phase transformers is to be made. 


Switchgear 


The functions of switchgear in a dis- 
tribution system include normal- and 
fault-switching operations, metering, 
and protection. Motor starting fune- 
tions are occasionally vested in switch- 
gear, but only when the required fre- 
quency of starting and stopping is low. 

Modern switchgear bears little re- 
semblance to the old open switchboards 
used 15 to 20 years ago. Total en- 
closure of the circuit-breaker elements, 
auxiliaries, and protective devices of- 
fers vastly improved appearance, 
safety, and device protection from dirt 
and mechanical injury. 

The most basic classification of 
switchgear equipment is according to 
rated voltage. At 600 v. or less there 
is metal-enclosed drawout switchgear 
in either indoor or outdoor construc- 
tion. Figure 6 shows a typical installa- 
tion of this class of switchgear. The 
breakers can be safely withdrawn for 
circuit isolation, inspection and main- 
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tenance, or for emergency replacement. 
Drawout breakers may be either manu- 
ally or electrically operated, except in 
the largest sizes, where manual opera- 
tion is not practical. 

For voltages from 2,400 to 13,800, 
metal-clad switchgear answers the same 
functional requirements that drawout 
switchgear does in the low-voltage class. 
Metal-clad switchgear employs electri- 
cally operated air circuit breakers ar- 
ranged to permit easy removal of 
breakers. On the front door of each 
breaker enclosure is located the meter- 
ing, control, and protective equipment 
associated with a specific circuit. 


Unit Substations 


In the modern power distribution 
system, transformers and switching 
equipment are combined into unit sub- 
stations. Electrical and mechanical co- 
ordination of the components provides 
a variety of benefits that assist in the 
planning, purchase, installation, and 
operation of power systems. In addi- 
tion to these benefits, the total installed 
cost of unit substations is almost al- 
ways lower than the total installed cost 
of piecemeal components. 

Unit substations may have switch- 
ing equipment on both the high- and 
low-voltage sides of the transformer, or 
on one side only. Motor control equip- 
ment can be incorporated in either the 
high- or low-voltage sections of unit 
substations. A typical example of a 
unit substation employing a_high- 
voltage entrance compartment, ask- 
arel transformer, low-voltage drawout 
switchgear, and a motor control center 
is shown in Figure 7. Another com- 
mon unit substation is composed of a 
primary interrupter switch, a dry-type 
transformer section, and a low-voltage 
switchgear and metering section. 

The two unit substations mentioned 
are both indoor units for low-voltage 
distribution. There are, of course, 
functionally equivalent outdoor units 
and several other classes for higher 
voltage on primary and secondary. 
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FIGURE 6.—Low-voltage metal-enclosed switchgear. 


Motor Starters 


Motor starting equipment is nor- 
mally classified as utilization equip- 
ment. However, the frequent combi- 
nation of motor starting functions 
with power distribution functions war- 
rants a review of such equipment in a 
paper on power system practices. 


A motor starter of the control classi- 
fication includes a switching device 
suitable for a large number of opera- 
tions. This switching device, a con- 
tactor, is generally limited in its abil- 
ity to interrupt current to a value of 
10 times its normal motor current rat- 
ing. Because most systems are capable 
of supplying fault currents in excess 


FIGURE 7.—Indoor unit substation with askarel transformer. 
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of this, motor starters should include 
additional interrupting capacity on the 
line side of the contactor in the form 
of circuit breakers or fuses. In com- 
bination starters the circuit breakers 
or fuses are so co-ordinated with the 
contactor that they will not act on 
normal overcurrents, but on fault cur- 
rents only, and the ability to protect 
the contactor and associated devices is 
determined by short-circuit testing 
programs. Overloads (up to 10 times 
rated current) are acted on by over- 
load relays included as integral parts 
of the motor starters. These relays, 
which operate faster than the circuit 
breakers or fuses under normal over- 
currents up to stalling, will de-ener- 
vize the contactor when a value of 
current is reached which would be 
detrimental to the motor if allowed to 
persist. 

Low-voltage motor starters are avail- 
able as individual units for wall or 
floor mounting, depending upon the 
rating. Where several individual 
starters are to be located in a given 
area it is generally preferable to in- 
corporate them into a motor control 
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center of the type shown in Figure 8. 
Motor starters, which may be of vari- 
ous sizes and types, are combined in a 
single enclosure, all supplied from a 
common bus. The simplification of in- 
stallation and the improved appearance 
in most cases have outmoded the indi- 
vidual starter method of handling. 
Because motor control centers central- 
ize operations of control equipment for 
associated processes, they are found 
very useful in sewage plants. Factory 
co-ordination of overcurrent devices 
and the ability to provide required 
electrical interlocking of functions are 
further advantages of motor control 
centers. 

High-voltage motor starters for use 
on 2,400- or 4,160-v. systems employ 
current-limiting fuses on the line side 
of the contactor so as to offer very 
effective short-circuit protection. Start- 
ing equipment such as this can be con- 
sidered to have no limitation on repeti- 
tive starting. 


Circuit Breakers versus Fuses 


The choice between circuit breakers 
and fuses for short-circuit protection 


FIGURE 8.—Motor control center in sewage treatment plant. 
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cannot be decided finally in favor of 
one or the other for all applications. 
Because of their individual electrical 
and mechanical characteristics one may 
be better suited for a given job than 
the other. 

Circuit breakers, aside from being 


short-circuit interrupters, are safe 
switching devices. They may be opened 
or closed upon any current within their 
interrupting ratings. Fuses, in con- 
trast, always require a separate cir- 
euit-switching means, which will ordi- 
narily involve some compromise with 
operating safety or convenience if the 
cost of the combination is lower than 
the cost of a circuit breaker. Failure 
to recognize and properly provide for 
the switching function has led to many 
misleading cost comparisons. 

A three-pole breaker in a 3-phase cir- 
cuit eliminates the possibility of single 
phasing, which may occur in the case 
of fuses where one fuse out of three 
blows. There is greater freedom of 
selection or adjustment of breaker- 
tripping characteristics where relays 
are used as tripping means, whereas 
the melting characteristic of a given 
fuse is fixed. Since the interruption 
of an overcurrent is nondestructive in 
the ease of a circuit breaker, it can be 
called upon to operate repeatedly un- 


The general criteria applying to the 
design of electric power facilities for 
sewage treatment plants are influenced 
by many factors—size of the plant, gen- 
eral plant layout, size of individual mo- 
tor drives, power company facilities 
and requirements, and the number of 
plant employees and their qualifica- 
tions. 

Of these factors, one of the most 
important is plant size. In large 
plants, often many choices are available 
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der these conditions without replace- 
ment and with little maintenance. 

A prominent advantage of fuses is 
that they are extremely fast low-en- 
ergy interrupters at high overcurrents. 
The damage resulting from a short cir- 
cuit will therefore be greatly reduced. 
Fuses are particularly suited to the 
protection of small circuits on high- 
capacity systems. A very common ap- 
plication of this sort is a potential- 
transformer circuit, in which fuses are 
always used to protect the transformer. 
Tests have shown that better protec- 
tion will be obtained in low-voltage 
combination motor starters up to and 
including NEMA size 3 if fuses in- 
stead of circuit breakers are used for 
short-circuit protection. 

This concludes discussion of the vari- 
ous requirements of the sewage plant 
electrical system which must be met if 
the objectives of reliability, adequacy, 
and safety are to be realized. As stated 
at the outset, no formula has been dis- 
closed which will remove the necessity 
for careful enginering study of each 
individual installation. It con- 
tended, however, that the principles, 
practices, and conclusions presented 
form a workable basis for the launch- 
ing of such studies for new and im- 
proved sewage plant facilities. 


to the designer in deciding the details 
of the distribution system, since power 
company regulations, facilities, and 
rate schedules are more flexible, plant 
employees are specialists who can oper- 
ate and maintain any type of system 
which ean produce desired results, and 
installation cost considerations do not 
necessarily supersede other design fac- 
tors. These design choices are dis- 
cussed very completely by the author. 
In small plants, on the other hand, 
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initial cost is a prime consideration, the 
number of employees is small, and 
may consist of one man who must be 
jack-of-all-trades, probably without ex- 
tensive experience with  eleetrical 
equipment. Furthermore, the number 
of available electric service rate sched- 
ules is usually limited. 

Since such small plants are numer- 
ous, this discussion will deal primarily 
with the special problems they present. 
The very fact that the plant is small 
necessitates careful attention to all its 
design features. 

Service voltage, particularly in rural 
areas, is often limited to 208 or 220 
v., in order that other customers may 
be served from the same transformers. 
One California company, for example, 
will supply higher voltages only to in- 
stallations with at least one motor of 
30 or more horsepower or with an ag- 
gregate plant horsepower of 50 or 
more. In some eases, single-phase 
power only is available. A 220-v. sys- 
tem may offer some savings in equip- 
ment costs compared to those for higher 


voltages. Plant personnel with limited 
electrical experience generally can 


service 220-v. equipment in greater 
safety. 

A study of the probable operating 
procedure should be made to determine 
the electric rate schedule that will re- 
sult in lowest costs. In some cases 
this will be found to require separate 
metering of power and lighting, and 
perhaps electric heating. In_ other 
cases, combined metering will be most 
economical. The design of the service 
equipment will depend upon the de- 
cision thus reached. 

Interrupting capacity of service 
equipment must always be calculated 
for any plant. Generally, however, in 
small plants located in rural areas, 
connected to small transformers, 
standard equipment will be found to 
be adequate. 

Within such small plants, the distri- 
bution and utilization voltage will al- 
ways be the same as the power com- 
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pany’s service voltage, except possibly 
for lighting. Control circuits are safe 
for operators at 220 v. and for eco- 
nomic reasons should remain at that 
potential. At 440 v. or higher, control 
devices should operate at 110 v. for 
safety to personnel, even though the 
cost is slightly higher. 

In compact plants, underground dis- 
tribution will generally be most fea- 
sible. This will eliminate the necessity 
of poles, as well as pole line crews for 
installation and for maintenance, re- 
sulting in considerable cost savings. 

The voltage applied to the various 
motors will be determined both by the 
motor horsepower and by the service 
rate schedule. In general, motors 
larger than 14 hp. will require 3-phase 
power for best operating characteris- 
tics and lowest initial cost, with smaller 
motors at 110 or 220 vy. single phase. 
However, if lighting and power are 
separately metered, lowest power costs 
may be realized with all motors, even 
of fractional horsepower, served by 
power circuits only. 

The starting current of the largest 
motors in a small plant will often af- 
fect the power company’s system to a 
greater degree than in a large plant. 
by reason of the plant location. For 
this reason the company may require 
some limitation of starting current by 
means of reduced voltage starters. 

Modern control centers or motor con- 
trol and distribution panels should al- 
ways be considered in leu of the old 
array of control and switching com- 
ponents in individual enclosures con- 
nected by conduit and gutters. In 
many cases, the difference in cost is 
trifling compared to the advantages of 
the control center. Properly designed, 
a control center can result in savings 
in floor space. It is a safer electrical 
installation, with far neater appear- 
ance and with more convenient ar- 
rangement of control components. 
This construction is easier to maintain 
and has at least as great flexibility for 
future changes or additions. 
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Land disposal refers to the discharge 
of sewage and industrial waste eftlu- 
ents to a receiving soil. Conventional 
dilution disposal employs the diffusion 
of effluents into the receiving streams, 
lakes, or tidal waters. In arid regions, 
where diluting water is not available, 
land disposal has necessarily been em- 
ployed. Properly designed septic tank 
drain fields and cesspools are common 
examples of both efiluent disposal to 
land and the feasibility of utilizing the 
soil to provide a sanitary nuisance-free 
secondary treatment process. 


Low-Cost Treatment and 
Disposal Process 


The natural processes of (a) soil 
filtration and (b) aerobic biochemical 
stabilization achieved through soil bac- 
teria and other organisms can produce 
a clarified, pathogen-free, fully oxi- 
dized fluid. Communities and indus- 
tries located near inexpensive available 
land sites covered with previous soils 
may economically compare the costs of 
land disposal with dilution disposal. 
Waste water disposed by irrigation of 
restricted crops or the intermittent 
spreading of effluents (Figure 1) in 
natural soil basins requires minimum 
initial construction expense. When in- 
telligently applied, land disposal is 
distinguished by the following fea- 
tures: 


1. It can be used for emergency or 
low-cost waste treatment and disposal. 

2. Arid regions, as well as areas of 
high ground-water usage, may employ 
land disposal as a method of reclaiming 
waste water and recharging the under- 
ground aquifers. 
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3. The simple maintenance and plant 
operation can use relatively unskilled 
labor. 

4. The soil has great ability to oxi- 
dize rapidly many toxie and noxious 
organic and inorganic wastes. 


Irrigation and Intermittent Spreading 


Nuisance-free land disposal normally 
requires intermittent application of 
effluents so that the percolating liquid 
moves through the air-containing inter- 
stices of the surface soil. When the 
soil is saturated, further effluent load- 
ing may exhaust the available oxygen. 
causing anaerobiosis with its eon- 
comitant odors. 

Land disposal can be conveniently 
classified as follows: 


1. Irrigation of plants by the inter- 
mittent application of effluent to cer- 
tain restricted crops, such as grasses 
or cotton. The nitrogen, phosphate, 


potash, trace elements, and organic 
matter present in domestic effluents 


often result in the superior growth of 
field crops. The effluents can be dis- 
tributed to the so-called ‘‘sewage 
farms’’ by ditches, pipes, or sprinklers 
in accordance with normal agricultural 
practice. The waste disposal agency 
should have complete control and re- 
sponsibility over the use of this efflu- 
ent, so that proper sanitary and nui- 
sanee controls are constantly main- 
tained; otherwise, a fully oxidized and 
pathogen-free secondary effluent may 
be deemed necessary by the public 
health authorities. 

2. Spreading within natural soil 
basins by the intermittent application 
of effluents. These basins, beds, or 
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FIGURE 1.—Forced sewage irrigation of terraced land at the Los Angeles County 
Wayside Honor Farm, Castaic, Calif. 


spreading fields can be constructed 
simply by throwing up earthen em- 
bankments 2 to 5 ft. high and possibly 
scarifying or leveling and terracing 
the soil surface (Figure 1). 


Aerobic Environment 


An aerobic environment helps control 
the septic odors commonly associated 
with stale sewage. Both intermittent 
irrigation and spreading should employ 
the gaseous oxygen present in the air 
that follows the percolating waters 
down into the soil. The porosity of 
normal surface soils may vary from 
30 to 60 per cent of the total soil vol- 
ume (1). These pores are partially 
filled with moisture that may range 
between a rough upper limit called 
the ‘‘field capacity’’ and a lower limit 
associated with the cessation of plant 
growth and termed the ‘‘ wilting point”’ 
(2). The wetting action of the surface 


tension forces of attraction between the 
water and soil molecules holds the 
moisture in the soil below ‘‘field ea- 
pacity’’ concentrations. Hence, for 
appreciable gravity flow or percolation 
through the soil, the interstices should 
be larger than minimum capillary 
diameter and filled above the ‘‘field 
capacity’? or ‘‘eapillary’’ water re- 
quirements. Plants extract this capil- 
lary water for their life processes. 

If a surface soil is assumed to con- 
tain 45 per cent voids and 25 per cent 
of the soil voids are filled with ‘‘capil- 
lary’’ water, then approximately one- 
third of the total soil volume may con- 
tain gaseous air. Oxygen composes 21 
per cent by volume of the air. Hence, 
this surface soil can contain as much 
as 6 per cent free oxygen by volume. 
In contrast, at atmospheric pressure 
and 20° C. (68° F.) the saturation of 
oxygen by volume in fresh water is 
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FIGURE 2.—Typical spreading test results 


for 7-ft. soil depth collection pan at 


Calif., sewage treatment plant. 


approximately 0.65 per cent. In salt 
water the saturation volume is about 
20 per cent less. The magnitude of 
available oxygen in a surface soil to 


that in a receiving water body can thus 
be calculated roughly as in the neigh- 
borhood of 10 to 1. The efficiency of 
land disposal can possibly be traced 
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to this availability of oxygen in soil, 
plus the enormous surface area avail- 
able on the soil particles for biochemi- 
cal activity, as well as the optimum bio- 
logical environment provided by the 
soil. The standard 5-day B.O.D. re- 
quires about 30 per cent of the total 
oxygen consumption during the first 
day. Intermittent land disposal may 
rapidly make available needed gaseous 
oxygen, whereas effluent disposal by 
dilution into water bodies results in 
pollution because of the limited ability 
of a water surface to absorb oxygen. 


Stabilization and Purification Ability 
of Land Disposal 


Field tests at Whittier and Azusa, 
Calif. (4), have demonstrated that a 
well-oxidized effluent meeting bac- 
teriological drinking-water standards 
can be produced after percolating sew- 
age effluent through 3 to 7 ft. of sur- 
face soil. Results of limited tests at 
Azusa are shown in Figure 2. 

The slow sand filter is similarly effec- 


tive in treating effluents and producing 


an oxidized pathogen-free product. 
Water samples taken from drainage 
wells at the Fresno sewage farm were 
described (5) as ‘‘clear and sparkling 
and looks exactly like that from the 
wells which furnish the water for the 
city. By chemical analysis it has no 
turbidity, color, odor, organic solids, 
B. coli, or any compounds which indi- 
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cate pollution except those dissolved 
salts which cannot be filtered out... . 
The chlorine [chloride] content being 
40 for the former [city water supply] 
and the latter |drainage well water 
at the sewage farm| 70 to 100 p.p.m. 
The nitrate content of the city well wa- 
ter is only a trace, while that of the 
sewer farm well water varies from 2 
to 7 p.p.m.’’ Greenberg and Gotaas 
(6) and others (7) have reported on 
various aspects of disposing effluents to 
land. 
Irrigation Rates 

Regular irrigation rates for conven- 
tional crop growth may ‘‘use only 2 
feet of water . . . in addition to a few 
inches of rainfall, others where the 
summers are long and hot, use up to 5 
feet of water or more a year’’ (3). 
Sewage farms may operate at much 
higher rates of forced irrigation, as is 
shown in Table I. 

For permeable soils, an average ap- 
plication of 10,000 g.p.a.d. may be 
feasible for the irrigation of crops. 
(See Tables I and II). This is equal 
to about 11.1 ft. of effluent irrigation 
per unit area per year. The type of 
soils in the subterranean earth column, 
but particularly the surface soil, the 
quality of the effluent spread, the type 
of crops grown, and the climate, are 
among the factors that influence the 
rate of maximum application that can 
be applied (that is, forced irrigation). 


TABLE I.—Data' on Various California Cities Employing Irrigation for the 
Land Disposal of Sewage Effiuents 


Type of 


Design Capacity 


Av. Effi. 


Treatment 
Plant* 


City 
(pop.) 


Appl. 


(m.g.d.) (g.p.a.d. 


Chowchilla 
Fresno 
Madera 
Merced 
Oildale 
Tulare 
Visalia 


Secondary 
Primary 
Secondary 
Primary 
Primary 
Secondary 
Secondary 


6,000 
95,000 
20,000 
35,000 
16,000 
15,000 
20,000 


0.674 10 
20.0 1,292 
2.0 195 
3.5 311 
2.0 260 
1.5 320 
5.0 420 


16,850 
15,450 
10,250 
11,250 

7,700 

4,690 
11,900 


1 Data obtained from California Sewage Works Assn. Field Trip Circular, April 28, 1952; 


. Segal, City Engineer, Fresno, Calif. 
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Table II gives suggested maximum ap- 
plication rates. 


Intermittent Spreading 


Intermittent spreading can be classi- 
fied as (a) spreading within open ter- 
raced fields and (b) spreading within 
shallow basins. 

The spreading within open terraced 
fields supplies intermittent shallow 
(14-in. to 6-in.) applications of waste 
water. Certain toxic wastes in par- 
ticular can be best treated and dis- 
posed of with this method. The ap- 


Average daily open field spreading rate = 1,000 g.p.a.d. 
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ents and by promoting a normal soil 
biological environment. 

The alternate dry and wet cycle pro- 
vided by intermittent spreading evi- 
dently must provide an optimum soil 
organism growth environment that pro- 
motes the breakdown of organic mat- 
ter. A completely dry or completely 
saturated soil environment is not as 
effective in treating organic wastes as 
is the alternating cycle. 

As a rough example of the enormous 
volume of soil media available for 
stabilizing an applied effluent, assume : 


An effluent with a toxic organic content of 200 p.p.m. phenol. 
Then: The phenol will finally break down through soil bacterial action as 


follows: 


Total yearly effluent application depth 


Total weight of phenol applied to one 


_ 1,000 g.p.d. (365 days) 
~ 7.48 gal./cu. ft. (43,560 sq. ft.) 
= 1.12 ft. per year 


acre = (200 p.p.m.) (1,000 g.p.d.) (365 
days) (8.34 Ib./gal.) 


609 lb. per year. 


Weight of receiving soil with 2-ft. effective soil depth for l-acre area = 43,560 
sq. ft. (2 ft.) (100 Ib./cu. ft.) = 8,712,000 Ib. 


It is estimated that less than 2 lb. of phenol would be applied in one day to 


plied waste water may be allowed to 
pereolate into the soil or evaporate. 
The surface soil can be flooded con- 
tinuously for 5 to 10 hr. or more in 
one field, and then the field is allowed to 
dry out. Then the waste water is di- 
verted to another field. The wetting 
and drying eyele can be continued until 
an organic surface mat is built up 
which would support nuisance odors or 
insects. Then the soil should be con- 
ditioned by discing or plowing, and the 
spreading cycles re-established. Crops 
may be grown for several months of 
the year with rainfall or normal irri- 
gation waters. These crops condition 
the soil for continued waste disposal 
purposes by using up available nutri- 


the more than 8,000,000 lb. of receiving soil media. 


Spreading within Shallow Basins 


Shallow basins may be of particular 
value for the disposal of effluent wastes 
at higher percolation rates than can be 
achieved in open fields. The hydraulic 
head and continuous surface coverage 
provided by the liquid blanket results 
in increased spreading infiltration 
rates. The author has experimented 
with a small spreading basin for several 
years. The average percolation rate 
for a spread fluid with a liquid depth 
of 2.5 ft. is 0.8 ft., while with a liquid 
depth of 0.5 ft., the average percola- 
tion rate is reduced to less than 0.1 
ft. per day. The organic surface-film 
mat formed at the water-soil interface 


: 
4 4 
ty 
C.H;OH + 702 6CO, + 
: 

|: 
= re 
| 


412 


evidently has a great enough surface 
tension so that it can effectively reduce 
the infiltration rate with shallow liquid 
depths. 

Low B.O.D. sewage and industrial 
waste can be percolated for long pe- 
riods (several months) within shallow 
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spreading basins. The oxygen ab- 
sorbed by the surface of the basin may 
be plentiful for aerobic stabilization of 
the spread fluid. 

An example of such spreading basin 
design, based on several criteria of 
calculation, is presented as follows: 


(a) Spreading Basin Area Required Using Detention Time Criterion 


Assume: 


Minimum 30-day detention period. 


Average basin depth = 4.5 ft. 


Let Qv = volume of oxidation ponds for 30-day detention time. 


Qov 


_ 3,000 pop./day X 30 days X 100 g.p.c.d. 


7.48 gal./cu. ft. 
1,200,000 cu. ft. 


= 1.2 <X 10° cu. ft. 


Acreage required = 


= 6.25 acres. 


4.5 ft. X 43,560 sq. ft./acre 


(b) Minimum Spreading Area Required Using B.O.D. Loading Criterion 


Assume: 

D.L. 
O.L. = Oxygen load. 

Influent B.O.D. = 90 p.p.m. 

Influent volume = 300,000 g.p.d. 

O.L. = 
90 X 300,000 8.3 

= 224 lb. oxygen per day. 

O.L. 224 


Acreage required = 


Design load per acre = 45 lb./acre. 


5-day B.O.D. X Ib. of spread fluid 


= 5.0 acres. 


(c) Minimum Spreading Area Required Using Percolation Rate Criterion 


Assume: 

Soil tests indicate 

Percolation rate = 0.2 ft./day. 
Influent volume = 300,000 g.p.d. 


Acreage required = 


Sanitary sewage flow (g.p.d.) _ 


Infiltration rate X g.p.d. per wetted acre 


300,000 g.p.d. 


~ 0.2 acre-ft. X 325,829 g.p.d./acre-ft. 


= 4.6 acres. 


(d) Minimum Spreading Area Required Using Oxygen Reaeration Criteria 


Assume: 
Loading = 300,000 g.p.d. 
Effluent B.O.D. (5-day) = 90 p.p.m. 


| 
‘ 
ets 


LAND DISPOSAL OF SEWAGE WASTES 


Oxygen loading as calculated = 224 lb. per day (from calculation b). 


R = daily reaeration per acre of water surface = lb. O:/acre for maximum 
load basin (see Ref. 16) with minimum D.O. = 1 p.p.m. = 39 lb./acre/day 


(at 68° F.) 


224 lb. O; loading/day _ 


Acreage required = 


39 Ib./acre 


5.7 acres. 


(e) Summary of Spreading Basin Design Results 


Criterion 
Detention time 
B.O.D. loading 
Spreading rate 
Oxygen added by reseration 


Area Required 


6.25 acres 
5.0 acres 
4.6 acres 
5.7 acres 


To allow some safety factor, a minimum of 13 acres of surface area would be 
used for design of the spreading basins. 


Oxidation Ponds 


The effect of continuous spreading 
within basins results in a de facto oxi- 
dation pond operation. Algae may 
grow within these spreading basins and 
materially increase the available oxy- 
gen supply. Warm weather and bright 
sunlight promote algae growth. Sum- 
mer weather promotes biological activ- 
ity so that the rapid breakdown of 
organic matter in the waste water is 
assisted by the oxygen supplied by the 
algae. In the winter, when colder tem- 
peratures prevail, there is a reduced 
rate of decomposition in the applied 
organic wastes. At that time gaseous 
absorption from the atmosphere has to 
supply the needed oxygen. Although 
oxidation ponds may not be part of 
a land disposal facility, land disposal 
systems can employ oxidation ponds 
directly or indirectly as part of their 
pretreatment or operation cycle. 


Darcy’s Law 

Darcy’s law simply states that the 
head loss due to friction varies directly 
as the velocity of flow. By use of 
Darcy's law, the various physical fac- 
tors associated with percolation of an 
effluent through a porous soil can be 
mathematically expressed. The quan- 
tity of waste water that will flow, Q, is 
proportional to the cross-sectional area 


of application, A; the hydraulic gradi- 
ent, AH (that is, the ratio of head loss, 
H, to length of soil column L) ; and the 
permeability, K. Hence: 


(1) 


Q=KAAH. (2) 


The permeability, KX, is a function of 
the linear dimensions of the pores or 
soil interstices, D*; the density of the 
fluid (p); the acceleration of gravity, 
g; and inversely proportional to the 
viscosity of the effluent, ». Therefore, 


(3) 


The factors g and p are approxi- 
mately constant; g changes with alti- 
tude and latitude, and p varies a little 


with temperature. The viscosity of a 
spread fluid, », is reduced about 1.4 per 
cent per °F. (2.5 per cent °C.) by an 
increase in temperature, thereby result- 
ing in inereased permeability. The 
pore dimensions, D?, of the soil inter- 
stices are the most important factor for 
high-rate effluent disposal to the soil. 
Large pore dimensions are needed for 
maximum permeability. Even when 
the soil structure initially has relatively 
large interstices, biological growths, in- 
ert fines, or other agents may fill the 
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pores and reduce permeability. Opti- 
mum rates of effluent disposal to land 
can best be obtained through a compre- 
hension of the operational factors that 
influence the soil permeability. 


Influence of Soil on Permeability 


[t is obvious that a tight, impervious 
clay-adobe soil will not percolate ap- 
preciable quantities of spread effluent. 
The applied effluent is stored in the 
fine capillary surface soil pores and 
then evaporated or transpired. Veih- 
meyer (8) indicates that typical trans- 
piration rates for many plants under 
continuous cropping are approximately 
5.5 to 6.5 ft. of water per year. Mois- 
ture evaporation from soil with a water 
table 4 ft. below the surface is in the 
range of that obtained from plant 
transpiration. Little ‘‘capillary’’ wa- 
ter movement takes place laterally or 
in any other direction (8). Obviously, 
the rainfall reduces the amount of efflu- 
ent that can be spread on a soil. Table 
IL delineates the estimated maximum 
spreading and irrigation rates that may 
be achieved with different soils under 
engineered operating conditions. Each 
installation must be evaluated sepa- 
rately, and these estimated application 
rates should be considered only as 
rough guides. 

A permeable soil contains larger pore 
dimensions that readily permit gravity 
percolation of water. Hence, the initi- 
ally applied effluent is held in the 
‘‘eapillary’’ surfaces until the field ca- 
pacity of the soil is satisfied, and then 
the additional increments of applied 
fluid can percolate vertically through 
the interstices and finally reach the 
ground water. A hardpan or plowpan 
may result in a perched water table. 
Then the amount of percolating effluent 
that will be infiltrated is limited to the 
lateral movement of the perched water. 
In a continuous soil column, the pore 
dimensions of the soil, especially the 
surface soil, would be the limiting fac- 
tor in developing maximum infiltration 
At Azusa, Calif., the coarse 


rates. 
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sandy gravels were permeable and de- 
veloped high initial spreading rates 
(4). Inert fines, organic suspended 
matter, or zoogleal growths quickly de- 
veloped on the surface soil, however, 
and reduced the percolation rates. Dry- 
ing, searification, cropping with grasses, 
or soil additives are possible methods 
that can be resorted to in order to re- 
condition the surface soil and re-estab- 
lish high spreading rates. 


Soil Permeability Tests 

Soil permeability can be determined 
by standard laboratory tests, either 
with disturbed or undisturbed soil sam- 
ples (9). Field studies on the actual 
proposed effluent disposal site can be 
of great value if performed correctly. 
However, casual percolation studies of 
soils, without careful investigation, pro- 
vide data of questionable reliability. 
Relatively high percolation rates initi- 
ally are obtained during the first weeks 
of spreading or irrigation, but later 
they may reduce to a considerably 
lower steady-state infiltration rate. It 
is difficult and hazardous to generalize 
about soils; in most cases it is desirable 
to make simple but thorough tests that 
include studies on optimum wet and 
dry field operations. 

The best operating cycle for inter- 
mittent application can be determined 
by these field tests (Figure 3) and 
general operating experience. In some 
soils, and with certain toxic, high 
B.0.D. effluents, only a few hours ap- 
plication of effluent is desirable; in 
other cases it may be advantageous to 
spread for several weeks. Climatie fac- 
tors will influence the drying time re- 
quired to condition the soil surface for 
further waste application. 


Cultivation and Plants 


Plowing may in some instances re- 
duce percolation rates by acting as a 
means of disturbing the soil so as to 
break down good soil structure (good 
soil structure refers to the clumping 
of fines into large clumps with rela- 
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FIGURE 3.—Percolation tegt basin at Azusa, Calif., with sampling well in upper 
right corner. 


tively increased pore size). A plowed 


it is successfully used for pre-irriga- 
soil is subject to the washing down of 


tion of the soil. Alternate sections of 


fines by applied effluent, so that the 
fines are screened out at the unplowed 
soil interface, which may form in time 
an impervious plowpan. On the con- 
trary, controlled discing, plowing, or 
searifying may increase percolation 
rates if the impervious surface mat is 
thereby dispersed. Undisturbed natu- 
ral growths of plants, such as grasses, 
seem to promote the development of 
good soil structure, encouraging opti- 
mum percolation rates. Similarly, oxi- 
dized organic matter acting as a mulch 
in the soil may assist in maintaining 
maximum infiltration (10). 


Preliminary Treatment of 
Spread Effluent 

Table I lists several California sew- 
age farms that satisfactorily utilize 
various types of treated effluent. In 
general, the effect of preliminary treat- 
ment is to assist in the maintenance of 
high land disposal rates. Ludwig et 
al. (11) reports that at the Exchange 
Orange Products Plant, Ontario, Calif., 
a raw effluent with 1,200 p.p.m. sus- 
pended solids, 2,100 p.p.m. B.O.D., and 
pH 5.0, is spread onto the soil for sole 
treatment. The organie surface mat 
that develops is diseed into the soil. 
The low pH waste of the Exchange 
Orange Products Plant is toxie and un- 
satisfactory for direct crop irrigation; 


the farm are then cropped and irri- 
gated with normal water, so as to (a) 
utilize the soil nutrients, and (b) re- 
condition the soil for further waste 
disposal. Since most agricultural crops 
are aerobic and require free oxygen 
in their root zone, continuous sub- 
mergence in a high B.O.D. effluent will 
kill the crops. At the Fresno sewage 
farm, the author has observed satis- 
factory intermittent applications to 
grasses and alfalfa with primary 
treated effluent containing winery 
wastes, the B.O.D. of which was 880 
p.p.m. 


Biological Growths in the 
Surface Soil 


A biological matrix will develop in 
surface soil even when only plain wa- 
ter is applied. Nutrient-containing ef- 
fluents promote profuse zoogleal 
growths that fill the surface soil inter- 
stices and reduce the infiltration rates 
markedly. Christiansen (12) has dem- 
onstrated that these growths are largely 
a surface phenomenon, and that when 
they are controlled by a sterilizing 
agent, high percolation rates can be 
maintained for prolonged periods. A 
systematic soil surface drying cyele is 
a feasible and natural method for con- 
trolling biological surface film. Desic- 
cation breaks down these colloidal mem- 
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branes and by means of soil aggrega- 
tion of the constricting, drying col- 
loidal membranes, larger soil interstices 
capable of superior percolation may 
result. 


Effluent Mineral Quality 


The effluent mineral quality can 
limit the feasibility of land disposal. 
A water with a high sodium percentage 
(that is, Na X 100/Ca + Mg + Na+ K) 
may deflocculate the clay colloids pres- 
ent in a soil and thereby reduce the 
permeability. Water with a sodium 
percentage above 65 per cent is consid- 
ered poor quality, 50 to 65 per cent is 
of questionable quality, and below 50 
per cent is satisfactory for application 
to soils (13). A boron content greater 
than 1 p.p.m. is unsatisfactory for irri- 
gation of such sensitive plants as citrus 
and walnut trees. Furthermore, toxic 
or heavy concentrations of minerals are 
poisonous to crops and may pollute the 
ground water. Industrial wastes, or 
other effluent containing infiltrated salt 
waters high in mineral content, where 
possible, should be segregated from 
normal domestic sewage. 

The experience of numerous munici- 
pal sewage farms indicates that there 
is no mineral quality problem resulting 
from the application of normal do- 
mestic sewage effluent to the soil. Good 
drainage of soil provides for salt re- 
moval. Poorly drained soil may so 
concentrate salts that crops cannot be 
raised. 

The Azusa tests (4) demonstrated 
that the sewage effluent percolated 
through a natural soil column lost cer- 
tain ions through biological or chemi- 
eal fixation. Nitrogen, phosphate, pot- 
ash, and boron compounds were meas- 
urably removed from the percolating 
waters. Land disposal can be em- 
ployed as a method of inorganic min- 
eral disposal for various cations and 
anions. 


High Water Table 
At the Fresno sewage farm (5), nine 
wells 150 to 320 ft. deep were installed 
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in 1922 to successfully lower the high 
ground-water table located 5 ft. below 
the surface. The waterlogged soil had 
previously prevented satisfactory efflu- 
ent disposal, and developed an anae- 
robie odor nuisance. Today, abundant 
normal pumpage of irrigation water by 
neighboring farmers has lowered the 
water table so that the drainage wells 
are no longer used and they have been 
abandoned. At Fresno, deep plowing 
has been found helpful in removing 
localized perched surface water result- 
ing from,a plowpan or hardpan 2 to 
3 ft. below the soil surface. Surface 
drainage ditches are also practical for 
impervious soils. 


Climatic Factors 


At Azusa, it was observed that con- 
siderably higher rates (50 to 100 per 
cent longer spreading periods) of infil- 
tration were obtained during the warm 
dry summer periods than in the com- 
paratively cool rainy winter seasons. 
This may be attributed to (a) the in- 
creased biological activity, particu- 
larly of algae, and (b) the reduced 
viscosity of the percolating fluid, re- 
sulting in more efficient land disposal 
during warm sunny periods. 


Nuisance and Health Hazards 

Unfortunately, sewage farms gener- 
ally are not operated as a part of the 
engineered sewage treatment and dis- 
posal process. Hence, the personnel 
at the sewage farm are often short of 
manpower, equipment, facilities, and 
technical supervision, so that nuisance 
conditions commonly develop. When 
the land is not overloaded beyond the 
capacity of the soil to handle the efflu- 
ent, and the treatment facilities are 
properly operated, a land disposal sys- 
tem will provide low-cost efficient effiu- 
ent disposal. Anaerobic conditions 
should not be permitted, thereby con- 
trolling odors. Flies and mosquitoes 


can be minimized by soil conditioning 
to remove stagnant pools and detritus, 
methods. 
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normal 
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Proper effluent application will elimi- 
nate surface ponding and the accumu- 
lation of organic matter, thereby 
minimizing fly and mosquito breeding 
grounds. 

In California it has been reported 
(13) that 69 communities discharge 
their effluents to sewage farms. No 
cases of ground-water pollution or dis- 
ease transmission have been reported 
from this practice. Surface contami- 
nation of plants and soil are an obvi- 
ous health hazard where raw sewage is 
applied. Restriction of the crops 
grown on the sewage farms to selected 
plants, such as fodder, fruit or nut 
trees, cotton, and field corn, provides 
protection against disease transmission. 
Beef cattle, sheep, and hogs are suc- 
cessfully raised on many sewage farms. 
No sewage farm location investigated 
by the author has reported difficulty 
with plant, animal, or human disease 
transmission. However, cases of the 
disease Cysticerous bovis in beef cattle 
are described in the literature as being 
transmitted through sewage farm oper- 
ations (14)(15). Further investiga- 
tions on possible plant and animal dis- 
eases resulting from sewage irrigation 
appear desirable. 


Storage Capacity and Effluent 
Distribution Facilities 

It is imperative in sewage farm de- 
sign to provide for alternative eftluent 
storage or disposal during rain, cold 
periods, when crop harvesting or con- 
struction work is in progress, or when 
the ground will not accept the flow. 
Peak flows can be handled, together 
with other effluents not needed on the 
sewage farm or spreading basins, with- 
in special storage lagoons. Oxidation 
ponds may provide a combination 
of lagoon storage capacity and addi- 
tional treatment for the plant effluent. 
Lined ditches or pipes, and carefully 
laid out irrigation lines, are desirable 
for carrying the effluent to the land 
disposal site. 


LAND DISPOSAL OF SEWAGE WASTES 


Summary and Conclusions 


1. Sewage and industrial waste efflu- 
ents in many cases may be economically 
and safely disposed of to porous soils 
by irrigation of restricted crops, or 
within spreading areas. Toxic organic 
wastes may be applied in proper con- 
centrations to the soil, with the soil 
organisms and filtration providing the 
treatment and disposal. 

2. Land disposal of effluents requires 
minimum plant investment, and may be 
combined with the reclamation of waste 
water for recharging underground 
aquifers. Lack of available land with 
permeable soils may limit the economic 
employment of land disposal. 

3. Aerobic environment is required 
for nuisance-free land disposal. It is 
estimated that intermittent dosage of 
the soil with effluent may provide as 
much as 10 times the volume of gaseous 
oxygen that is present in a water body. 

4. A high-quality, fully oxidized, 
pathogen-free, non-turbid water can 


be produced by effluent disposal to the 


soil. The soil may be employed as 
part of, or in some cases, the whole 
treatment process. 

5. Design and operational factors in 
land disposal are: (a) irrigation and 
spreading rates with different soils, 
(b) surface soil conditioning, (¢) crop- 
ping, (d) eycles of effluent application, 
(e) effluent quality, (f) climate, and 
(g) other variables. 

6. The experience of certain com- 
munities and industries with land dis- 
posal facilities are sumarized, and 
pertinent data describing operation of 
these installations have been presented. 

7. Nuisance and health hazards may 
be controlled by adequate technical 
supervision. Standby lagoons, spread- 
ing basins, and irrigation fields for 
peak and emergency effluent loads 
should be available. Adequate sani- 
tary precautions, such as restricted 
crop cultivation, should be practiced to 
prevent disease transmission. No oe- 
currences of human disease transfer 
are reported to have resulted in Cali- 
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fornia sewage farm operation in recent 
years. 

8. Additional investigations of the 
possibility of plant, animal, and even 
human disease transmission by sewage 
farm operation are recommended. 

9. Fly and mosquito control meas- 
ures should be utilized. 


10. Highly mineralized industrial 


wastes and infiltrating sea water re- 
quire separate disposal and may be un- 
satisfactory for simple irrigation or re- 
charge of the underground aquifers. 
Normal domestic sewage appears to be 
quite satisfactory for land disposal. 
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DEOXYGENATION OF SEWAGE * 


I. Critical Review of the Monomolecular Formula 


By E. Orrorp anp T. INGRAM 


Respectively, Associate Professor, Department of Sanitation, Rutgers University, 
New Brunswick, N. J., and Associate Professor, Public Health Engineering, 
New York University, New York, N. Y. 


The B.O.D. test has many important 
applications in the field of sanitation 
among which are the following: 


1. Measurement of the strength of 
sewage or wastes. 

2. Measurement of treatment plant 
efficiency. 

3. Measurement of the amount of 
pollution added to or in a stream. 

4. Design of sewage and waste treat- 
ment units. 

5. Establishment of stream and efflu- 
ent standards for stream pollution 
regulatory agencies. 

6. Establishment of sewage charge 
rates. 


The results of B.O.D. tests may de- 
termine whether a simple primary sew- 
age treatment plant is sufficient or 
whether a costly complete treatment 
plant is required. The classification 
of streams by regulatory agencies is 
often based upon B.O.D. standards. 
Such classification may be instrumental 
in determining whether a large in- 
dustry can economically expand or lo- 
cate in a particular classified territory. 
Sewage charges to towns and industries 
are often partly based upon the B.O.D. 
of the waste discharged. Without ex- 
aggeration it can be stated that de- 
cisions involving millions of dollars are 
directly or indirectly influenced by 
B.O.D. tests and standards. 

The reliability of the B.O.D. test as 
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a measure of organic material or pol- 
lution is of considerable importance. 
Since it is not feasible or possible to 
determine the total amount of biologi- 
cally oxidizable organic material with 
the test, it is necessary to measure a 
portion of the material under stand- 
ard conditions and assume that the 
portion measured will also be a meas- 
ure of the total organic material pres- 
ent. Thus, it is important to know 
what proportion of the total organic 
material present is measured by the 
5-day B.O.D. test. 

-It is also important to know the rate 
of biological oxidation. It was origi- 
nally thought that biological oxidation 
proceeded at a uniformly decreasing 
rate, which could be expressed mathe- 
matically and described by a single 
rate constant. Investigations of the 
B.O.D. test during the last 20 years 
have shown that the biological oxida- 
tion rates of different sewages, wastes, 
effluents, and streams vary consider- 
ably, and that even the rate constant 
in the mathematical formulation is not 
a true constant, but a variable param- 
eter of the equation. 

These revelations have created con- 
siderable confusion in the sanitary field 
and the B.O.D. test has received wide 
criticism as a reliable measure of or- 
vanic pollution. 

The problem of expressing biological 
oxidation rates of sewage is the chief 
concern of this investigation and two 
phases of the problem are considered: 
(a) an evaluation of the present con- 
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cepts of biological oxidation rates, and 
(b) the development of new methods 
of formulation. 


The Monomolecular Formula 
The development by Phelps of the 
monomolecular formula for relative 
stability was reviewed by Theriault (1) 
in his exhaustive treatise on B.O.D. 


Theriault developed the least squares 
method for calculating the constants of 
the equation and gave it the form 
which is used today: 


Yt = L (1 = 10-**) 

which 

= B.O.D. at any time, ¢; 

= time, in days; 

= a constant = ultimate B.O.D.; 

and 

= a constant. 

The rate of oxidation at any time, f¢, 
can be obtained by differentiating Eq. 1 
with respect to ¢. Thus, 


dy 
+ = k (L — y:) = instantaneous rate 
( 


of oxidation. . 
where 
k = oxidation rate constant and 


the amount of material re- 
maining to be oxidized. 


L—y 


Eq. 2 states that the rate of oxida- 
tion is proportional to the amount of 
material remaining to be oxidized. 
Since the amount remaining is con- 
tinuously decreasing, the rate of oxi- 
dation continuously decreases and the 
curve eventually becomes asymptotic 
at infinite time to some value of y,; = L. 
The monomolecular curve, when 
plotted, gives a typical ‘‘parabolic 
type’’ curve with a diminishing slope. 
The greater the value of k, the more 
rapidly the curve levels off and the 
ultimate Z-value is approached. 

The theoretical basis for the appli- 
cation of the monomolecular equation 
to biological oxidation is derived from 
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the fact that many simple chemical 
diffusion and reaction phenomena can 
be expressed by monomolecular equa- 
tions. However, biological oxidation of 
sewage or other substrates involves a 
complex biological flora of many dif- 
ferent types of bacteria and protozoa, 
which oxidize a very heterogeneous or- 
ganic substrate of simple and complex 
organie compounds, some of which re- 
quire specialized bacteria for oxida- 
tion. Thus, it would not be expected 
that a monomolecular equation used to 
formulate relatively simple chemical 
phenomena could also theoretically 
formulate a very complex biochemical 
oxidation. 

Actually, it has been acknowledged 
by Phelps, Moore, and other investiga- 
tors that the application is more em- 
pirical than theoretical. This is not a 
serious difficulty if actual B.O.D. 
curves follow or approximate a mono- 
molecular relationship. The param- 
eters, k and L, have theoretical physi- 
cal and biological significance in the 
monomolecular equation (Eq. 1) ; how- 
ever, neither of the two constants can 
be determined by experimental obser- 
vation, and both must be determined 
by statistical analysis of the observed 
data involving the use of simultaneous 
equations. The value of L cannot be 
determined experimentally, because 
theoretically it is the B.O.D. at infinite 
time. It is also difficult to determine 
even an approximate value of L be- 
cause the secondary oxidation of am- 
monia to nitrites and nitrates begins 
before the first-stage oxidation is com- 
plete. Thus, k and ZL values, as ordi- 
narily calculated, are statistical con- 
stants in an equation which follows a 
portion of a biological oxidation curve 
and are not parameters with true 
physical and biological significance. 
This point was made by Moore (2) 
when he concluded that ‘‘the value of 
k for first-stage B.O.D. should be con- 
sidered a statistical average rather 
than regarded as a true constant.’’ 

The monomolecular 


formula is ex- 
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tremely flexible because k and L can 
both be varied to produce almost any 
conceivable type of curve in which 
there is a decreasing rate of oxidation. 
This flexibility is both an asset and a 
liability when using the equation. 
Large changes in the value of k can 
be tolerated and an oxidation curve 
followed reasonably well as long as 
the values of L are allowed to vary 
accordingly. On the other hand, small 
differences in the shape of the actual 
curve can produce great fluctuations 
in computed values of L and k, so that 
little physical significance can be at- 
tributed to computed values of LZ and 
k for individual curves. 

One of the chief problems in apply- 
ing the monomolecular equation is that 
the constants k and L do not remain 
constant over the entire B.O.D. curve. 
This is illustrated in Figure 1, where 
average observed B.O.D. curve points 
are plotted, together with calculated 
monomolecular B.O.D. curves for these 
same points, using, successively, 3-, 5-, 
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7-, 10-, and 14-day data. The observed 
B.O.D. curve is the average curve ob- 
tained from seven different domestic 
sewages whose 5-day B.O.D. ranged 
from 87 to 245 p.p.m. The average 
curve was obtained expressing all 
B.O.D. values as percentages of the 
5-day B.O.D. In this experiment ni- 
trites were measured, and all B.O.D. 
values influenced by nitrification were 
eliminated. 

It can be observed that for data up to 
any given day a monomolecular curve 
can be computed which will reasonably 
follow the observed points up to the 
last day of the data used. However, 
as the observation period increases, k 
values decrease and L values increase. 
This is a typical situation in the analy- 
sis of B.O.D. curves; it emphasizes the 
difficulties encountered in trying to 
give physical and biological signifi- 
cance to k and L values. 

Modifications to the monomolecular 
formula of Phelps and Theriault have 
been proposed to make the formula 
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more applicable to special biological 
oxidations. Thomas (3) modified the 
formula to include a lag period so 
that oxidation of ammonia to nitrates 
and nitrites could be mathematically 
expressed. Nitrifying organisms de- 
velop slowly and it usually takes at 
least eight days for nitrification to be- 
come significant. The Thomas lag 
formula is 


= — 10-*(-) 7 
= L (1 — C 10-**). .(8) 


n which 


y: = the ultimate B.O.D. at the end of 
the stage; 

hk = a reaction velocity constant; 

to = the value of ¢ at the end of the lag 
period—that is, the value of t when 
= 0; and 


( = a constant = 10%", 


As originally conceived by Thomas, 
Eq. 3 would apply to biological oxida- 
tions with a lag period and would only 
be applicable for positive values of 
‘,. Some investigators have applied 
the Thomas lag modification to all 
B.O.D. curves, so that negative values 
of t, are included. A negative value 
of ¢t, would indicate an initial biologi- 
cal acceleration. Since most B.O.D. 
curves exhibit the tendency to have de- 
oxidation rates as time in- 
creases, as illustrated in Figure 1, the 
inclusion of an acceleration factor 
would make the monomolecular equa- 
tion more applicable to biological oxi- 
dations and tend to increase the time 
interval over which a calculated curve 
would follow the observed points. 

A second modification to the mono- 
molecular formula was proposed by 
Fair et al. (4) to include a factor 
which would take into account the de- 
creased availability of the organic mat- 
ter to be oxidized. These investigators 
were studying benthal decomposition 
of river muds. Benthal decomposition 
combined aerobic and anaerobic 
process, and the aerobic decomposi- 
tion proceeds at a low rate (from one- 


creasing 


is a 
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twentieth to one-fortieth that of true 
aerobic decomposition). Explaining 
the reasons for his modification, Fair 
Says: 


“The rate of decomposition of organic 
matter by microérganisms depends gener- 
ally upon two factors: (a) the amount of 
decomposable matter in the substrate; and 
(b) the availability of this decomposable 
matter for the life and reproduction of bac- 
teria and other microbes. During the 
course of stabilization of an organic de- 
posit, both amount and availability of the 
food supply diminish progressively. The 
quantity of organic matter decreases as a 
consequence of its utilization by bacteria as 
a souree of energy and growth. This is an 


obvious fact, of which aecount is taken 
in all formulations of biochemical reac- 
tions. Less obvious is the circumstance 


that, due to the selective action of sueces- 
sive generations of microdrganisms, the 
more available food is attacked first, leaving 
the less readily available compounds for 
subsequent destruction. As a result, the 
rate of decomposition is subject to con- 
tinual deceleration.” 


In order to account for the reduced 
oxidizability of the remaining organic 
material as time of oxidation increases, 
Fair proposed that the monomolecular 
formula be written as 


—— = (J, — y,)..... (4) 
in which k, L, t, and y,; have the usual 
designations and a is the coefficient of 
retardation depending upon the type 
of organic matter present and the con- 
dition of the physical environment. 
Integration then yields 


y: = LLL — (1 + at)-*/]. . .(5) 


In Eq. the factor (L — y;) represents 
the amount of oxidizable material re- 
maining and the factor on is 
l+at 

measure of the availability or the rate 
at which the remaining material is 
oxidized at any time. The rate of oxi- 
dation decreases for positive values of 
a and the parameter k is the initial 
rate of oxidation. The 


“‘retardant 
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monomolecular equation’’ proposed by 
Fair was applied to benthal decompo- 
sition and no mention was made of its 
possible application to biological oxi- 
dation in general. 

The retardant form of the equation 
would also tend to increase the time 
interval over which a calculated B.O.D. 
curve would follow an observed curve, 
because the oxidation rate factor 


k 
i Lat would continuously decrease 
and the curve would not flatten out as 
soon, 


’ 


The ‘lag’? and ‘‘retardant’’ mono- 
molecular formulas have the advantage 
that a single equation will apply to a 
greater portion of an observed B.O.D. 
curve. Their disadvantage is that both 
formulas introduce a third parameter. 
The mathematical solution for the three 
parameters is more complicated than 
for two parameters, since it requires 
the use of three simultaneous differ- 
ential equations. Also, three param- 
eters must be used to describe the 
course of biological oxidation, making 
interpretation of the results more com- 
plicated. 

Because of space limitations the 
evaluation of the present methods of 
expressing biological oxidation rates 
has been presented very briefly. The 
following, however, are the summary 
and conclusions of this phase of the 
study taken directly from the original 
thesis. 


Summary 


A study of the use of the monomolec- 
ular equation for analysis of B.O.D. 
data shows that: 


1. The monomolecular equation (Eq. 
1) gives only an approximate mathe- 
matical fit to small portions of an ob- 
served B.O.D. curve. 

2. The constants k and Z are not 
true constants and vary widely with 
the time of observation used. For nor- 
mal domestic sewage the value of k 
is about 0.25 for a 3-day B.O.D. ob- 
servation period and decreases gradu- 
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ally to about 0.11 for a 14-day observa- 
tion period. Corresponding values of 
L inerease from about 90 per cent of 
the 5-day B.O.D. for a 3-day period, 
up to approximately 140 per cent for 
a 14-day period. 

3. The parameters, k and JL, are 
computed for an observed set of B.O.D. 
data by the use of complicated simul- 
taneous differential equations and are, 
thus, mathematical parameters for the 
monomolecular equation of best fit. 
Because the constants are mathematical 
and often vary greatly with small dif- 
ferences in the observed data and 
changes in observation period, they lose 
significance as physical and biological 
parameters to describe the speed and 
magnitude of the biological oxidation. 

4. The monomolecular equation re- 
quires a third parameter in order for 
it to apply to biological oxidations 
where lag or acceleration periods are 
encountered. 

5. There is no fundamental reason 
why the rate of biological oxidation 
should be proportional to the amount 
of material remaining to be oxidized, 
as stated by the monomolecular equa- 
tion. Sewage is composed of organic 
materials of extremely diverse chemi- 
cal composition whose physical state 
ranges from materials in true solution 
to materials whose particle size allows 
rapid settling. The biological organ- 
isms accomplishing the oxidation com- 
prise a heterogeneous group of bae- 
teria, protozoa, and other types, which 
use different enzyme systems and dif- 
ferent types of organic material as 
food. Each kind of bacteria oxidizes 
each type of food at different rates, so 
that it would not be expected that the 
amount of food remaining to be oxi- 
dized should necessarily control the 
rate of oxidation. 


Conclusions 


From the study of biological oxida- 
tion and its mathematical analysis by 
the monomolecular equation, it is con- 
cluded that: 


a 
2 

Wi 

5 ; 
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1. Biological oxidation is a complex 
biochemical phenomenon whose oxida- 
tion speed is governed by the relative 
proportions of the various types of 
material to be oxidized and the rela- 
tive biological activity of the various 
types of organisms present. 

2. There is no fundamental biologi- 
cal reason why oxidation should take 
place according to a monomolecular 
oxidation reaction. 

3. The monomolecular equation is a 
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poor expression for analysis of biologi- 
eal oxidation, because the two param- 
eters of the equation, k and L, are 
not constants. 

4. The value of k decreases and the 
value of Z increases with increased 
time of 8.0.D. observation. 

5. Because of the variation of k and 
L with time of observation, the param- 
eters have very little physical or 
biological significance as measures of 
oxidation speed or strength. 


Sanitation, Rutgers University, 


New Brunswick, N. J., and Associate Professor, Public Health Engineering, 


of the difticulties encoun- 
tered in expressing biological oxida- 
tion by the monomolecular formula, a 
search was made for a simpler, better 
mathematical formulation. It was 
found that there is a relationship be- 
tween the observed B.O.D. and the 
logarithm of the time of observation. 
If the B.O.D. is plotted against the 
logarithm of time, the resulting curve 
is approximately a straight line, which 
has the general equation: 


Because 


= miogt+b.. (6) 


in which m is the slope of the line and 
b is a constant (the intercept). 


The general equation of the straight 
line (Eq. 6) is unsuitable because the 
two parameters, m and b, vary with 
both the magnitude and the rate of the 
oxidation. The general equation can 
be transformed by dividing each side 
by the 5-day B.O.D. intercept of the 
line to give 


= 8 (M logt+ B).....(7) 


New York University, New York, N. Y. 


in which 


s = 5-day B.O.D. intercept of the line; 
M = _* B.O.D. rate parameter; and 
b 
B= B.O.D. rate parameter. 


Eq. 7 has the advantage that the 
magnitude and rate parameters are 
separated; however, it has the disad- 
vantage that three parameters must 
be used. It was found that for do- 
mestic sewage oxidation at 20° C., the 
straight line through the observed 
points, when extrapolated to the log ¢t 
axis, intercepts the log ¢ axis at 0.333 
days (Figure 3). Also, Eq. 6 has the 
form: 


ye = 8(0.85 log + 0.41)... .(8) 


where 0.85 and 0.41 are the B.O.D. 
rate parameters for domestic sewage. 


Since the rate of oxidation can be 
expressed as a time relationship, Eq. 7 
ean be simplified by making time the 
rate parameter of the equation and 
comparing the oxidation time of any 


ly 
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B.O. 
of n 


ir 


The method of determining 
constants, S and a, of Eq. 9, 


D. curve with the oxidation time 
ormal domestic sewage. The sim- 


plified equation becomes : 


= S(0.85 log at + 0.41)... (9) 


which 


z-axis intercept of normal domes- 
tic sewage B.O.D. curve divided 
by the z-axis intercept of the 
observed B.O.D. curve 
0.333 

x-axis intercept 

0.333 
0.333 


= 1.0 for standardized do- 
mestic sewage B.O.D. 
curve; and 


B.O.D. intercept of the line at 
days 

5-day B.O.D. value which would 
have been obtained at standard- 


ized domestic sewage oxidation 
rates (a = 1.0). 


the two 
is illus- 


8.0.0.| sTuDy! | 
BY WARBURG | AND DILUTION 6 DAYS 31.6 DA’ 
METHODS 
AFTER —GELLMAN~ (5) 
— > 
S| EACH POINT al 
al oF 6 DIFFERENT SEWAGES 
| jeorc | 
oa | 4 
WARBURG | METHOD 
| 
60.6 DILUTION | METHOD 
z 
Ae 
oO 
w 4 AA | 
y= $(0.85-109 0.41 
log @ | 
wat | WHERE + 
a= 0.333 DAYS 67 
0.333 
| 0.20 DAYS 
Time- pays| * 85.5]- FROM 
34 678 | 10 2 3 6 
FIGURE 2. 


trated in Figure 2. Observed B.O.D. 
values are plotted * on semilogarithmic 
graph paper and the straight line of 
best fit, Curve C, is drawn through the 
points. The time value of the z-axis 
intercept is then read (0.20 days) and 
divided into the standardized sewage 
B.O.D. intercept (0.333 days) to ob- 
tain the value of a (1.67). 

The observed line is now shifted to 
standardized sewage B.O.D. conditions 
by drawing a line parallel (Curve D) 
to the observed line through 0.333 days 
on the z axis. In practice it is not 
necessary to draw the line parallel by 
mechanical means. An observed time 
value is multiplied by the factor a 
to convert the equation to the standard- 
ized form. Any convenient time value 
—for example, 6 days (Figure 2)—is 


* Normally, B.O.D. values would be plotted 
as p.p.m. B.O.D. The B.O.D. values for the 
illustrated curve are plotted as per cent 5- 
day B.O.D. because the curve is an average 
B.O.D. curve for several sewages. For pur- 
poses of illustration the per cent B.O.D. 
values can be considered as p.p.m. B.O.D. 
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multiplied by a (1.67) to obtain the 
converted time, 10 days. The 6-day 
B.0.D. intercept of the observed line is 
shifted to the converted 10-day axis 
and a line drawn between this point 
and the 0.333-day point on the z axis. 
This new line will be parallel to the 
original line drawn. 

The value the strength factor, 
S, is now read as the 5-day intercept 
of the shifted line (Curve D, S = 85.5) 
and the equation of the original line 
(Curve C 


y: = 85.5 (0.85 log 1.67t + 0.41). 


The S value can be obtained more 
simply by dividing five days (the time 
at which the B.O.D. = S for standard- 
ized by the factor a (1.67) 
to obtain 3.0 days. The 3.0-day inter- 
cept of the original line is now read 
(85.5), which is also the value of S. 
This method is preferred because it 
eliminates drawing an extra line and 
possible transfer errors. 

Although a has been referred to as 
the oxidation rate parameter, mathe- 


for 


becomes 


(10) 


sewage 


matically the oxidation rate is ob- 


tained by differentiating Eq. 9 
0.85 S 
9303 


dy 
Oxidation rate = 


at (11) 


The oxidation rate is, therefore, di- 
rectly proportional to S, the B.O.D. 
strength parameter, and inversely pro- 
portional to time. Thus, a is not an 
oxidation rate parameter, but is the 
inverse ratio of the time required to 
exert a given amount of B.O.D. to the 
time required to exert the same B.O.D. 
for standardized domestic sewage. 
Since velocity is a ratio of the amount 
to the time, a should be considered an 
oxidation velocity or speed ratio and 
not an oxidation rate. 

The same difficulty occurs when the 
constant k in the monomolecular 
formula (Eq. 1) is referred to as oxi- 
dation rate, which is general practice. 
Mathematically, the oxidation rate is 


dy 
dt 


= K(L Yt) 


. (12) 
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and k is merely a constant in the oxi- 
dation rate equation. Values of k are 
also inversely proportional to the time 
required to exert a given proportion 
of the B.O.D., and k should also be 
considered an oxidation speed param- 
eter and not an oxidation rate. 

If the oxidation rate formula (Eq. 
11) for the logarithmic equation is 
compared with the oxidation rate 
formula (Eq. 12) for the monomolecu- 
lar equation, it is evident that the two 
equations are different in their basic 
concepts, and that the logarithmic 
equation is not just a reformulation of 
the monomolecular equation. 


Application to Sewage B.O.D. 


An analysis of an average carbona- 
ceous B.O.D. curve by the monomolecu- 
lar equation was given in Figure 1. 
The same B.O.D. curve is plotted and 
analyzed by the logarithmic equation 
in Figure 3. The equation was deter- 
mined to be: 


y, = 100 (0.85 log 1.0 t + 0.41)... (13) 


with a= 1.0, and § = 100 = % 5-day 
B.O.D., which gives the standardized 
domestic sewage oxidation curve. 
Since all of these sewages were from 
small communities and contained no 
significant amounts of _ industrial 
wastes, it was considered that this com- 
posite curve represented the oxidation 
of normal domestic sewage. The choice 
of the standardized domestic sewage 
oxidation curve was further strength- 
ened by the logarithmic equation 
analysis of more than 100 7-day 
B.0.D. curves obtained by Grune (6). 
It was found that all average B.O.D. 
curves for Bronx, N. Y., domestic sew- 
age had a values of 1.0. 

A comparison is made in Table I be- 
tween the observed B.O.D. values and 
B.O.D. values calculated by the log- 
arithmic and monomolecular equations. 
The monomolecular values are caleu- 
lated from the 14-day k and L values. 
The standard deviation of seven aver- 
age B.O.D. values for any one day is 
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TABLE I.—Comparison of Interpolated 
Observed B.O.D. with Computed B.O.D. 
Values by Logarithmic and 
Monomolecular Formulas’ 


B.O.D. (p.p.m.) DE 


B.O.D. (%) 


| toe 
Form. 
Cale.? 


Mono. 


Obs.! 
Form. 


45 | 41.0 
65.4 66.3 
80 | 81.1 
95) O15 


100 99.8 
108.5 | 106.3 
114 111.9 
119 116.8 


123 121.2 
10 | 125 125.0 
11 129 128.6 
12 | 133 131.7 


13° | 136 
14 137 
16 | 139 
18 | 140 


Av. (1-18 days) 


134.7 
137.3 
142.3 
146.3 


Av. (2-18 days) 


1 Average B.O.D.’s of seven different domes- 
tic sewages by jug dilution method; interpolated 
values from curve, for uniform time intervals. 

2a = 1.0; S = 100. 
8k = 0.13; L = 135. 


approximately 4 per cent (10 per 


cent/V7). The logarithmie curve 
B.O.D. value has an average deviation 
from the observed B.O.D. value of 1.8 
per cent, the monomolecular curve 4.3 
per cent. The deviation of the log- 
arithmic curve is well within the 
standard deviation of the points, 
whereas the monomolecular curve is, 
on the average, about as good as the 
observed values. Both curves have a 
high deviation for the 1-day B.O.D., 
but the logarithmic curve is much 
closer, 8.9 per cent, compared with 
22.2 per cent for the monomolecular 
curve. Over the entire carbonaceous 
B.O.D. curve the logarithmic equation 
is a better expression of the curve of 


| 
a 
| | Mono. 
| | 35.0 | -8.9 
2 | 60.9) 14] -69 
3 80.1) 14) 0.1 
4 | 91.3 | 0.0 3.1 
5 104.9 | -02) 49 
6 | 1128-20, 4.0 
7 118.6 | 4.0 
8 123.0 | -1.8| 3.4 
126.0 | -15) 24 
128.4} 00) 27 
130.2 | -0.3| 09 
| 131.6 -10| 
| 132.4 | -10| -26 
| 133.1 | 0.2 | -28 
| 133.9 | 24| -3.7 
| | 134.7| 45| 
| 13] 3.1 
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best fit. The comparison made in 

Table I is shown graphically in Figure 

+. The logarithmic curve lies within 

the range of all observed points, where- 

as in three instances—1, 4, and 10 days 

—the monomolecular curve is outside 
the range of the observed points. 


Effect of Temperature and 
Nitrification 


An extensive B.O.D. study was made 
to determine how temperature, nitri- 
fication, and the type of sewage affect 
the logarithmic B.O.D. equation. Two 
sewages with known differences in rates 
of oxidation were used. The first sew- 
age was taken from the effluent of the 
final settling tank of the Marlboro 
State Hospital, a mental institution, 
and contained a high proportion of 
laundry waste. The second sewage is 
raw domestic sewage from Highland 
Park, N. J., and contains no industrial 
waste. The sample used was diluted 
with a considerable amount of infiltra- 
tion and thus had a low B.O.D. 


In this experiment the B.O.D. was 
measured by the jug dilution method, 
described in a previous paper by Or- 
ford, Rand, and Gellman (7). With 
this method all samples for analysis 
are taken from the same 1-gal. glass 
jug, thus eliminating errors caused by 
differences in individual B.O.D. bottles. 
Nitrites and nitrates were measured 
together with the dropping mercury 
electrode by a new method developed 
by Rand (8). 

Incubators for the 1-gal. jugs were 
maintained within 0.2° C. of the tem- 
peratures used (10°, 20°, 30° C.) Re- 
sults of the experiments are shown in 
Figures 5, 6, and 7. 


Temperature 


The individual B.O.D. curves all fol- 
low the logarithmic equation closely; 
values of the constants are given in 
Table II. 

Two observations about the relation- 
ship between the constants and tem- 
perature are immediately apparent. 
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First, the value of a increases in geo- 
metric proportion and doubles for each 
10° rise between 10° and 30° 
secondly, the value of S is independent 
of temperature within the accuracy of 
the test. 

The temperature relationship for a 
is similar to that of the constant k in 
the monomolecular equation. Since the 
progression is geometric, the relation- 
ship between the value of a at any 
temperature (between 10° and 30°C.) 
and a at 20° C. can be expressed by an 
exponential equation of the form: 


Ar = Ax (14) 


in which 


ar = value of a at any temperature; 
ax» = value of a at 20° C.; 
T = temperature, in degrees C.; and 
6 = a constant. 


For the results of this experiment 
with both sewages the temperature a 
value relationship is 


ar = aa .(15) 


FIGURE 7. 


This value of 6(= 1.072) can be com- 
pared with the various values of @ for 


the monomolecular formula as follows: 
Value of 6 


Investigator Temp. Range 


Theriault (1) 1.047 9° to 30° C. 
Moore (2) 1.065 5° to 20° C. 
Gotaas (9) 1.042 15° to 30° C. 
Gotaas (9) 1.109 5° to 15° C. 
Authors 1.045 10° to 30° C, 


Since in this experiment the value 
of @ for the monomolecular rate con- 
stant is practically the same as that 
observed by other investigators, it can 
be reasoned that the value of 6 deter- 


TABLE II.— Logarithmic B.O.D. Equation 
Constants at Various Temperatures 


Value; Value 


r- Axis | 
Sewaxe > c Intercept} of of 
days) | a 8 
Marlboro, N. J. 10 | 0.333 | 1.0 | 171 
20 | 0.167 | 2.0 | 170 
30 | 0.083 | 4.0 | 177 

| 

Highland Park, 10 | 0.667 | 0.5 | 50 
N. J. 20 | 0.333 | 1.0 | 54 
30 0.167 | 2.0 51 


| 
-* 4 5 8 10 2 4 6 8 10 | 20 30 40160 00 
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mined for the logarithmic rate con- 
stant will not vary greatly from the 
value of 1.072 as determined. 

The value of S was observed to re- 
main constant for all temperatures. 
This makes it possible to determine 
B.0.D. values at any time for any tem- 
perature if the values of a and S at 
20° C. are known. The equation for 
B.O.D. at any time or temperature has 
the form: 


Yt = (0.85 log 1.072°7-t + 0.41) 
(16) 


in which S,, is the value of the constant 
S at 20° C. and T is the temperature, 
in ° C., within the limits (10°-30°). 


Nitrification 

When nitrification begins, the oxida- 
tion rate is increased and the B.O.D. 
values rise rapidly. The logarithmic 
plot of the first nitrification phase is 
still a straight line, as shown in Fig- 
ures 5, 6, and 7. This first phase in- 
cludes the oxidation of NH, to NO,, 
and the oxidation of NO, to NO,. Af- 
ter the initial nitrification phase the 
nitrification oxidation rate is reduced 
and the B.O.D. values plot on another 
straight line, which can be called a 
second nitrification phase, as shown in 
Figures 6 and 7. This second phase 
probably begins at the point where all 
of the NH, has been oxidized to NO, 
and represents the oxidation of the re- 
maining NO, to NO,. No NH, and 
NO, observations were made to prove 
this hypothesis, but it is known that 
NH, is oxidized in two stages by two 
different nitrifying bacteria. First, 
NH, is oxidized to NO,, and then NO, 
is oxidized to NO,. The hypothesis is 
further substantiated by the fact that 
at 20° C. the ammonia content was 
zero at the end of 58 days of incuba- 
tion. 

Evidence for the existence of a break 
in the second-stage nitrification curve 
is not available, because B.O.D. obser- 
vations over a sufficiently long period 
to prove the point have not been found. 
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A break must occur, otherwise the 
B.O.D. would become infinite. 

After all of the NO, is oxidized to 
NO, the oxidation rate will probably 
decrease again to a low value, which 
will be represented by a very low oxida- 
tion rate of the remaining organic ma- 
terial. This final oxidation phase 
might then plot as another straight 
line and continue until the oxidation 
is, to all practical purposes, complete ; 
this final phase might only represent 
the respiration requirements of the re- 
maining bacteria. 


Time Range of Logarithmic 
Equation 


The mathematical characteristics of 
the logarithmic equation are such 
that limits must be set for the time 
range over which the equation applies 
to a given carbonaceous B.O.D. curve. 
A lower time limit must be established, 
because the extrapolated straight line 
intersects the x axis at some finite time 
value. B.O.D. observations show that 
some oxidation takes place before this 
time. An upper time limit must also 
be set, because the equation gives in- 
creasing B.O.D. values indefinitely and 
the theoretical limit for B.O.D. would 
be infinity. It is known that after a 
period of time a biological oxidation be- 
comes complete for all practical pur- 
poses and further increase in B.O.D. 
can be attributed to biological respira- 
tion. The problem then becomes one 
of setting practical time limits for the 
equation so that carbonaceous B.O.D. 
values can be predicted with reason- 
able accuracy for a useful time period. 

In the Marlboro-Highland Park sew- 
age experiments the oxygen require- 
ments of nitrification were calculated 
from the NO, and NO, combined meas- 
urements. Corrections for nitrification 
B.O.D. were made to the observed curve 
and the corrected carbonaceous B.O.D. 
values plotted as dots in Figures 5, 6, 
and 7. The corrected B.O.D. values 
show a wide seatter in some instances. 
This scatter occurs for several reasons: 
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TABLE III.—Effective Time Range of the Logarithmic B.O.D. Equation 


Value of 
a 


Time Range 


(days) Values of at 


Low High Low 


Highland Park 


Marlboro 


Average 


0.5 
0.6 
0.5 
0.5 
1.0 
0.5 
0.6 


1. The nitrate nitrogen value deter- 
mined is multiplied by a large factor 
to convert it to B.O.D. For Highland 
Park sewage dilution the factor is 45.7, 
for Marlboro 68.5. 

2. The errors in B.O.D. and the er- 
rors in determining nitrates are added 
in determining the corrected B.O.D. 
values so that larger variation in 
B.O.D. could be expected. 

3. During the observation period the 
nitrate method used was also being 
developed. Certain unforeseen diffi- 
culties that arose were not completely 
corrected until near the end of the ex- 
periment. For this reason greater 
weight is given to the 58-day nitrate 
value and its corresponding corrected 
B.O.D. point. 


The corrected B.O.D. values do, how- 
ever, show a definite trend and it is 
felt that the projected lines give a 
reasonable picture of carbonaceous 
B.O.D. during the nitrification stages. 

At the lower end of the straight line 
the initial observed B.O.D. value tends 
to break away on another straight line 
relationship, which suggests a primary 
stage for the carbonaceous oxidation 
curve. 

The entire carbonaceous’ B.O.D. 
curve might then be broken down into 
three logarithmic stages—a_short-pe- 
riod, primary, accelerated-oxidation 
stage; a secondary stage, where most 
of the oxidation takes place; and a 
third, reduced-oxidation rate stage, 
which continues until the B.O.D. in- 
crease is no longer significant. The 


second stage is, of course, of great in- 
terest because it establishes the con- 
stants of the logarithmic rate formula 
and follows the major portion of the 
B.O.D. curve. 

The B.O.D. curves investigated for 
sewage in the temperature study have 
an eight-fold range of a values, which 
includes all of the oxidation rates 
likely to be encountered for sewage oxi- 
dation in the normal temperature 
range. To evaluate the time range 
over which the formula is reasonably 
valid, say 10 per cent accuracy, the 
effective range values of the second- 
stage curves are given in Table III 
with their corresponding values of a f. 

The limiting range of a ¢ values is 
approximately the same for all curves. 
Since most of the a ¢ values range be- 
tween 0.5 and 20, it was first thought 
that these values could be established 
as standard limits. Applications of the 
logarithmic equation to oxidations 
other than sewage, such as river water 
industrial wastes, and benthal sludge 
oxidation, have shown that limiting 
values of a ¢ from 0.75 to 15 are more 
reliable. 

Summary 


1. A new, simpler mathematical 
equation to express biological oxida- 
tion was developed which gives as good 
a fit to observed B.O.D. data as does 
the monomolecular equation and elimi- 
nates many of the difficulties of the 
latter, including instability of the con- 
stants and complicated calculations. 
The equation (Eq. 9) is known as the 
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logarithmic B.O.D. equation. The oxi- 
dation rate at time ¢ is proportional to 
the strength parameter, S, and in- 
versely proportional to the time. In 
the monomolecular equation the oxida- 
tion rate at time ¢ is proportional to 
the amount of material remaining to be 
oxidized (L—y,). Thus, the log- 
arithmic equation is a fundamentally 
different mathematical expression and 
is not a reformulation of the mono- 
molecular equation. 

2. The logarithmic equation applies 
generally for values of a t from 0.75 to 
15. For sewage oxidation the equation 
can be used where values of a ¢ lie 
between 0.5 and 20. Between these lim- 
its the logarithmic curve follows ob- 
served B.O.D. values with a standard 
deviation of 3 per cent or less. Since 
the standard deviation of observed 
B.O.D. data ranges from 3 to 10 per 
cent, the logarithmic equation ade- 
quately expresses the observed B.O.D. 
curve. 

3. The logarithmic equation plots as 
a straight line on semilogarithmic 
graph paper when y, values are plotted 
on the co-ordinate axis and time values 
on the logarithmic axis. 

4. Because observed B.O.D. data fol- 
low the straight line logarithmic curve 
closely, it is possible to draw a straight 
line through the plotted data and de- 
termine the constants of the equation 
without resorting to complicated 
mathematical analyses to determine 
the line of best fit. 

5. In this investigation all of the 
logarithmic analyses were made from 
logarithmic curves fitted by eye. The 
curve fits were better than those ob- 
tained by monomolecular equation 
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analyses using complicated mathemati- 
eal procedures, and covered a greater, 
more significant portion of the ob- 
served B.O.D. curve. 

6. When observed B.O.D. data are 
plotted on semilogarithmic paper, the 
different oxidation stages plot as 
straight lines with distinctly different 
slopes; thus, it is possible to identify 
the various special stages (such as ni- 
trification, initial lag period, and final 
oxidation stages) by observing the 
time at which the breaks occur in the 
straight lines of best fit for each stage. 


Conclusions 


1. The logarithmic equation has more 
biological significance and is better 
adapted to the interpretation of bio- 
logical oxidation phenomena than the 
monomolecular equation. 

2. The parameters of the logarithmic 
equation are easier to compute. 

3. The parameters of the logarithmic 
equation are constants over a time 
range covering 85 per cent of the total 
carbonaceous B.O.D. 

4. The parameters of the logarithmic 
equation have the simple significance 
that a is the ratio of the oxidation speed 
of the material to the oxidation speed 
of standardized domestic sewage, and 
S is the modified 5-day B.O.D. value 
of the material for an oxidation speed 
equivalent to that for standardized do- 
mestic sewage. 

5. The semilogarithmic plotting of 
B.O.D. data used to determine the log- 
arithmic equation constants shows ob- 
served B.O.D. data as a series of 
straight lines of different slopes, and 
each line may represent a special bio- 
logical phenomenon. 
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A broad program of intensified ac- 
tivity on a professional and technical 
scale was adopted by the Executive 
Committee of the Sanitary Engineering 
Division of the American Society of 
Civil Engineers at a special meeting 
held in Chicago, Ill., on February 20- 
21, 1953. In taking a strong stand in 
favor of complete cooperation with 
other professional and technical organi- 
zations having allied interests, the Com- 
mittee noted an apparent duplication 
of effort and lack of coordination be- 
tween such organizations and fully en- 
dorsed participation in the Joint Com- 
mittee for the Advancement of Sani- 
tary Engineering. 

Increased technical activities will in- 
clude the fields of industrial wastes, 
atmospheric pollution, water treatment, 
infiltration to sewers, sewage treatment, 
and refuse collection and _ disposal. 
Task committees were set up for in- 
dustrial wastes and atmospheric pollu- 
tion. Committees already had been ap- 
pointed to develop manuals on water 
treatment plant design, infiltration and 
loss in sewage collection systems, sewer- 
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ENGINEERING ACTIVITIES 


age and sewage treatment, and several 
phases of municipal refuse collection 
and disposal. 

The meeting of the Executive Com- 
mittee was called to explore the pro- 
posal to establish an American Insti- 
tute (or Academy) of Sanitary Engi- 
neers. Representatives of this group, 
the Federation of Sewage and Indus- 
trial Wastes Associations, the Ameri- 
can Water Works Association, the 
American Public Health Association, 
and the Joint Committee for the Ad- 
vancement of Sanitary Engineering 
were present. Although the objectives 
of the proposed organization were 
broadly accepted by all present, the 
means of attaining these objectives 
proved to be a point of difference. Be- 
cause of this, the Executive Committee 
asked that the proposal to set up the 
new organization be deferred pending 
study and recommendation by the 
Joint Committee as to whether or not 
the objectives as set forth can be more 
readily attained through existing pro- 
fessional and technical organizations 
in the sanitary engineering field. 
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CHEMICAL WASTES DISPOSAL AT 
PRATT & WHITNEY AIRCRAFT * 


By ALLEN 


J. BuRDOIN 


Project Engineer, Metcalf § Eddy, Consulting Engineers, Boston, Mass. 


The main plant of Pratt & Whitney 
Aircraft, a division of United Aircraft 
Corporation, is located in East Hart- 
ford, Conn., approximately 14 mi. from 
the Connecticut River and just south 
of Willow Brook, a small stream dis- 
charging into the Hockanum River just 
above its junction with the Connecti- 
cut. The chemical wastes treatment 
plant described herein was designed to 
dispose of the strong chemical wastes 
and oils from Pratt and Whitney, 
which manufactures aircraft engines, 
and from Hamilton Standard, another 
division of United Aircraft Corpora- 
tion, which manufactures airplane pro- 
pellers, and whose plant at the time 
the treatment plant was designed was 
located just south of and adjacent to 
the Pratt and Whitney plant. 

Both plants are drained by three 
large storm drains, which empty into 
Willow Brook. In addition to rain 
water, these drains receive waste cool- 
ing water from engine testing and heat 
treatment; rinse waters from plating, 
pickling, and preservation depart- 
ments ; and miscellaneous waste waters. 
In general, these wastes are collected 
in sumps, from which previously they 
could be pumped to the sanitary sewers 
or allowed to overflow to the storm 
drains. On account of the small size 
of Willow Brook, it had been the praec- 
tice when dumping a tank of strong 
chemicals to a sump to start the pumps 


* Presented at 25th Annual Meeting, Fed- 
eration of Sewage and Industrial Wastes 
Assns.; New York, N. Y.; Oct. 6-9, 1952. 


and operate them for a short period so 
as to pump the strong wastes to the 
sanitary sewers, which discharged di- 
rectly into the Connecticut River. The 
projected construction of a sewage 
treatment plant for East Hartford, 
which meant that this practice would 
have to be discontinued in the near fu- 
ture, and the pollution abatement pol- 
icy of the State Water Commission to 
discontinue discharge of these wastes 
into either Willow Brook or the Con- 
necticut River without treatment, led 
Pratt and Whitney in November, 1946, 
to engage consulting engineers to study 
their liquid wastes problems and make 
recommendations. Subsequently, a 
contract was let for design of the treat- 
ment plant and oil separator, which 
were constructed and placed in opera- 
tion during 1951. Additional investi- 
gations carried out during the design 
stage had an important influence on 
the final design of the plant. 


Processes Producing Wastes 


Plating wastes were produced by two 
large plating departments in Pratt and 
Whitney, two plating departments in 
Hamilton Standard, and several ex- 
perimental laboratories and testing de- 
partments. These departments were 
engaged in copper, cadmium, chromi- 
um, nickel, silver, lead, tin, indium, 
and zine plating. 

Considerable quantities of chromic 
acid wastes are produced by aluminum 
anodizing and copper stripping opera- 
tions. Alternate use of sodium cyanide 
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for copper stripping when chromic acid 
is unavailable increases the quantity of 
cyanide wastes enormously. 

Pickling of stainless steel parts in a 
hydrofluoric acid-ferrie sulfate solu- 
tion produced a concentrated waste 
that required considerable additional 
study and separate treatment. 

The extensive machining operations 
carried out in the manufacturing proc- 
esses produce large quantities of sol- 
uble oils. 

In addition, a large number of tanks 
are located in various parts of the fae- 
tory for miscellaneous purposes includ- 
ing cleaning, pickling, and stripping 
prior to painting or testing. 

Several photographie laboratories 
produce small quantities of strong 
chemical wastes. 

Engine testing operations, and par- 
ticularly the washing down of the en- 
gine test houses, lead to considerable 
quantities of lubricating oil in No. 2 
drain. Although each drain was 
equipped with an oil separator, the 
separator in No. 2 drain was badly 
overloaded and excessive amounts of 
oil were escaping to Willow Brook. An 
oil separator was designed and built 
to remove this oil. 


Character and Disposal of the 
Rinse Waters 


Extensive laboratory investigations 
were made of the rinse waters from the 
various processes. The preliminary in- 
vestigations disclosed that the rinse 
waters were extremely diluted and 
could be discharged to the Connecticut 
River without treatment other than 
chlorination for the destruction of cya- 
nides. The report recommended a pri- 
vate sewer and small chlorination plant 
for this purpose. 

In approving the report the State 
Water Commission set the following 
standards for treated effluents and 
other drainage discharged to water 
courses by Pratt and Whitney: 
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1. pH between 5.5 and 8.5. 

2. Turbidity not over 30 p.p.m. 

3. Suspended solids not over 20 
p.p.m. 

4. Metals not over 3 p.p.m. each. 

5. Cyanides not over 2 p.p.m. 

6. Oil not over 15 p.p.m., substanti- 
ally free from iridescent oil film. 


Subsequent investigations and analy- 
ses of hourly composite samples of the 
rinse waters from the plating depart- 
ments indicated that the cyanide con- 
tent of the composite rinse waters 
would be approximately 1 p.p.m. 
(Table I). 

On the basis of these results, the 
State Water Commission approved the 
elimination of the chlorination plant 
for the rinse waters, and eventually ap- 
proved the continued discharge of the 
rinse waters to Willow Brook through 
the existing storm drains withont treat- 
ment. Large additional flows of waste 
cooling water from other departments 
make the wastes as discharged from 
the storm drains even more dilute than 
indicated in Table I. 


Strong Baths and Soluble 
Oil Wastes 


It was decided that the strong stand- 
ing baths and soluble oils should be 
treated in batches and a treatment plant 
was designed and constructed for this 
purpose. Because of the variety of 
processes carried on by Pratt and 
Whitney, these wastes exhibit consid- 
erable variation in strength and com- 


TABLE I.—Cyanide Content of Rinse Waters 


Cyanide 
Content! 
Source of Rinse Waters Flow 
( ) 
(g.p.m. 
(Ib./ 
(p.p.m.) day) 
Pratt & Whitney Aircraft 
Main plating dept. 440 1.27 6.70 
Airport plating dept. 150 0.82 1.48 
Paint and pres. dept. 130 0.0 0.0 
Treatment pliant effi. 10 0.0 0.0 
Laboratories 10 0.0 0.0 
Hamilton Standard, all depts. 70 1.6 1.34 
Total | 810 0.98 9.52 
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position. For treatment it was neces- 
sary to divide the wastes into several 
classifications and provide separate 
treatment of each classification as fol- 
lows: 


1. Soluble Oils 


The production of soluble oil wastes 
is fairly uniform, and was estimated 
to average 40,000 gal. per week. The 
maximum quantity produced in one 
day, as measured, was 8,400 gal. The 
oil content is approximately 2.5 per 
cent. Treatment by coagulation with 
alum and lime or with pickling liquor 
and lime was adopted. 


2. Pickling Liquor 


The hydrofluoric acid-ferrie sulfate 
pickling liquor was produced in three 
300-gal. tanks, one of which was 
dumped every two weeks. This solu- 
tion contained 1 pint per gallon of 52 
per cent hydrofluoric acid and 35 oz. 
per gallon of ferrisul (later replaced 
by an equivalent weight of ferri-floc), 
and was operated at 170° F. This ma- 
terial is very corrosive and crystallizes 
on cooling. The crystallization can be 
eliminated by diluting the hot waste 
two or three to one before it has a 
chance to cool. This waste can be used 
in place of alum for coagulation of 
soluble oils and is used for this pur- 
pose insofar as possible. Amounts 
which cannot be so used are neutral- 
ized with lime. 


3. Acid Wastes 


Tanks containing strong acids, in- 
cluding hydrochloric, sulfuric, nitric, 
phosphoric, and acetic acids, are lo- 
cated throughout the plant and are 
dumped from time to time. These 
baths, together with a waste strong 
nickel chloride bath, are neutralized 
with lime. The estimated quantity 
amounts to about 800 gal. per week. 


4. Cyanide Wastes 


The cyanide baths consist of waste 
baths from the various plating lines 
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and waste copper stripping solutions. 
Many of the strong plating baths are 
equipped with filters and are not 
dumped except in cases of emergency. 
The concentration of the baths varies 
from 5 to 16 oz. per gallon, figured 
as NaCN. The alternate use of so- 
dium cyanide and chromic acid for 
copper stripping required the pro- 
vision of sufficient capacity for han- 
dling both types of wastes. When cya- 
nides are used for copper stripping 
they constitute about one-third of the 
volume, and as they have a concentra- 
tion of 16 oz. per gallon of NaCN with 
only 1 oz. per gallon of NaOH, they 
require large quantities of chlorine and 
caustic soda for their destruction by 
alkaline chlorination, the adopted 
method of treatment. The estimated 
production of cyanide wastes amounts 
to 2,000 gal. per week, with an average 
concentration of 11.7 oz. per gallon of 
NaCN when stripping with cyanide, 
and 1,300 gal. per week with an aver- 
age concentration of 9.3 oz. per gal- 
lon of NaCN when chromic 
used for copper stripping. 


acid is 


5. Chromic Acid Wastes 


Large quantities of waste chromic 
acid are produced by copper stripping 
and aluminum anodizing operations. 
Some cadmium bright dips and etch 
solutions produce smaller quantities. 
Dichromate baths and chrome plating 
baths are not dumped, but can be 
handled should the emergency arise. 
Lead plating baths, because of the 
formation of insoluble lead chromate, 
are included with the chromic acid 
wastes for treatment. The estimated 
quantity of chromic acid waste, in- 
cluding copper stripping baths, and 
lead fluoborates amounts to 2,000 gal. 
per week with an estimated average 
concentration of 12 oz. per gallon of 
CrO,. The wastes are treated with 
sulfur dioxide to reduce the hexavalent 
chromium to the trivalent form, which 
is then precipitated with lime. 
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6. Alkali Baths 


A large number of tanks containing 
alkalies and alkaline cleaners are 
dumped from time to time. Only the 
strongest of these are brought to the 
treatment plant. No separate treat- 
ment of these wastes is provided. They 
can be neutralized by mixing with the 
waste acids, or they can be added to 
to the cyanide wastes to reduce the 
amount of caustic required. Both 
methods have been tried successfully, 
but the latter is now preferred because 
it saves caustic, which is more expen- 
sive than lime. 


Treatment Plant 

The treatment plant (Figure 1) is 
located just south of Willow Brook and 
consists of a concrete block masonry 
building having two stories and a base- 
ment, a single-story wing for storage 
of 1-ton cylinders of sulfur dioxide and 
chlorine, outdoor tanks for the storage 
and treatment of wastes, sludge la- 
goons, facilities for the outdoor stor- 
age of 1-ton cylinders, and intercon- 
necting piping. 

The soluble oil wastes are pumped 
from a collecting sump in the factory 
to the treatment plant. The strong 
baths are pumped into tanks and trans- 
ported by a gasoline-powered fork-lift 


truck (Figure 2) to the treatment 
plant. Two types of tanks are used, 


Those used for 


each holding 375 gal. 


FIGURE 1.—Pratt and Whitney chemical wastes treatment plant. 
sludge lagoon at lower right. 
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eyanides and alkaline wastes are un- 
lined and are painted red; those used 
for acid wastes are lined with a sheet 
plastie and are painted blue. In ad- 
dition, the tanks are labeled. Eight 
acid tanks and five cyanide tanks have 
been constructed thus far. 

The wastes are discharged from the 
tanks by gravity into receiving tanks 
located in the basement, which also 
contains the transfer pumps for pump- 
ing the wastes to the storage and treat- 
ment tanks. The basement also con- 
tains cyanide recirculating pumps; 
sludge, effluent, and sealing-water 
pumps; sludge and clear-water (efflu- 
ent) sumps; heat exchanger; elevator 
machinery; and condensate return 
pumps. 

The first floor provides space for 
the electrical control center; receiving 
space for chemicals; a lavatory; chlo- 
rination, sulfur dioxide, and caustic 
soda control equipment; and a com- 
bined chemical laboratory and office. 

The second floor provides storage 
space for dry chemicals and mixing 
tanks for preparing batches of lime 
slurry and 
caustic soda. 


alum and 
A freight elevator serves 
the first and second floors. 


solutions of 


An underground pipe trench with 
removable precast concrete roof slabs 
throughout its length leads from the 
Willow Street warehouse of Pratt 
and Whitney to the plant and contains 
the soluble oil line, steam and conden- 
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FIGURE 2.—Fork-lift truck discharging strong chemical waste to receiving tank at 


treatment plant. 


sate return lines, electric power and 
telephone conduits, a compressed air 
line, and water supply service. 

The six sludge lagoons have earthen 
embankments. Each lagoon (Figure 
3) is 25 ft. by 40 ft. at the bottom, 
with 2 on 1 side slopes and can be 
dosed up to 6 ft. deep. The top water 
from the lagoons drains by gravity to 
the clear-water sump in the basement, 


Second collecting tank is shown at right. 


from which it is pumped to No. 2 
Drain, which has an average flow of 
about 2,000 g.p.m. 

The strong character of the wastes 


required that possible corrosion of the 
piping and equipment be considered 
in each case, and special corrosion re- 
sistant materials were used for tank 
linings, pumps, and piping as described 
later under the individual processes. 


FIGURE 3.—Six lagoons handle all chemical treatment sludge. 
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The treatment tanks (Figure 4) 
were located outdoors to eliminate all 
difficulties which might be caused by 
the evolution of gases and vapors dur- 
ing storage and treatment. The soluble 
oil and chromie acid waste treatment 
tanks are on the left. and the pickling 
liquor, mixed acid, and cyanide waste 
treatment tanks are on the right. All 
pipes containing liquids which might 
freeze were steam traced and insulated 
with Fiberglas. No difficulty was en- 
countered due to freezing during the 
winter of 1951-2 except in the draw- 
off connections of the soluble oil tanks, 
which had not been insulated. These 
were then insulated and steam traced, 
and no further difficulty was experi- 
enced. <A view of the outdoor pipe 
gallery between the tanks is shown in 
The sludge trench is be- 
neath the planks in the center of the 
walkway. 


Figure 5. 
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Handling and Storage of Chemicals 


Chlorine and sulfur dioxide are pur- 
chased in 1-ton containers. Provisions 
are made for storing six cylinders of 
each in a single-story wing with no 
indoor connection with the rest of the 
plant, and approximately 18 of each 
outdoors. If shipped by rail, the eyl- 
inders are unloaded at the Pratt and 
Whitney receiving dock and trucked 
to the plant. A monorail system and 
hand-operated chain hoists are pro- 
vided for unloading and handling the 
cylinders. Cylinders must be taken in- 
doors before being placed on the line. 

The sulfur dioxide containers are 
padded with compressed air at 75 to 
80 p.s.i., the discharge of liquid SO, 
being measured by a rotameter located 
in the chlorinator room. 

The liquid chlorine is fed to a steam- 
heated evaporator, from which the 
chlorine gas goes to a chlorinator with 
a capacity of 6,000 lb. per 24 hr. 
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FIGURE 5.—Outdoor pipe gallery, with sludge trench beneath center walkway. 


Hydrated lime is purchased in 50- 
lb. bags and stored on the second floor. 
The lime slurry is prepared in mixing 
tanks provided with vertical turbine- 
type agitators for keeping the lime in 
suspension. Suspensions containing 
approximately 13 per cent of Ca(OH), 
by weight are prepared, and sluiced 
through open troughs to the treatment 
tanks. 

Alum is purchased in 100-lb. bags, 
stored on the second floor, and made 
into a solution in a lead-lined mixing 
tank equipped with a turbine-type agi- 
tator of stainless steel. <A solution of 
approximately 6.75 per cent Al,(SO,), 
is used. 

Caustic soda is purchased as flake 
caustic in 425-lb. drums and stored 
on the second floor. It is made into 
solutions of approximately 17.5 per 
cent NaOH in mixing tanks equipped 
with screens for holding the flake 
caustic, means for adding water below 
the screens, and side-entering agitators 
with stainless steel shafts and propel- 


lers for circulating the solution. Two 
whole drums of caustic are used for 
each batch. A chain hoist, monorail, 
and grab are provided to assist in 
handling the drums of flake caustic. 
The caustic solution is fed by means of 
a chemical proportioning pump with 
manually adjustable stroke having a 
maximum capacity of 116 g.p.h. The 
liquid end of the pump is stainless 
steel. 

Initial operation of the plant dem- 
onstrated the need for special exhaust 
ventilating equipment to remove 
chemical dust from the immediate 
vicinity of each mixing tank. The con- 
dition was aggravated by the strong 
concentrations adopted, as large quan- 
tities of dry chemicals, amounting to 
several whole packages, are required 
for each batch. The first package in 
each batch caused little difficulty, but 
succeeding packages were dumped in 
a cloud of chemical dust. Gloves and 
respirators proved unsatisfactory, so 
the tanks were covered and a ventilat- 
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ing system was installed to exhaust the 
air from each tank and discharge it 
through an air washer located on the 
roof. 

Strong chemical concentrations were 
adopted because of the limited capacity 
of the treatment tanks and the high 
concentrations of the wastes to be 
treated. The volume of the solutions 
to be added in each process had to be 
carefully considered during the de- 
sign, since in many cases it is approxi- 
mately equal to the volume of the 
wastes. The use of strong solutions 
also required that the heat of solution 
and the heat of reaction be carefully 
considered in all cases during the de- 
sign. For example, dissolving of the 
caustic soda results in a solution with a 
temperature of 160° to 170° F. Pro- 
visions for controlling the heat of re- 
action during the treatment of the 
wastes are discussed later. 


General Design Requirements 


Although no further expansion of 
the manufacturing plant appeared 
likely, the design had to be flexible so 
as to be able to handle the wastes re- 
gardless of changes which could be ex- 
pected in manufacturing techniques. 
Extensive changes in the main plating 
department before the design was com- 
pleted showed that this was a wise de- 
cision, 

The treatment plant was designed 
for one-shift operation, and with suffi- 
cient capacity to handle all the wastes 
expected to be produced by the Pratt 
and Whitney and Hamilton Standard 
plants, which are operated on a three- 
shift basis. In determining the ¢a- 
pacity to be provided for, surveys were 
made listing all the standing baths in 
Pratt and Whitney and Hamilton 
Standard. The tabulation of the Pratt 
and Whitney tanks covered 13 closely 
typewritten pages, and listed location, 
inventory number, capacity in gallons, 
composition of solution, and frequency 
of dumping. This survey showed that 
many tanks were not dumped, but doc- 
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tored up as required, whereas others 
were dumped daily, twice a week, 
weekly, every two weeks, monthly, or 
at 3-, 6-, or 12-month intervals. 

The tanks contributing wastes to 
each treatment process were then listed 
on separate sheets and classified as to 
time of dumping. The position was 
taken that there was to be no inter- 
ference with production due to lack of 
capacity at the treatment plant. How- 
ever, some assumptions had to be made 
unless storage tanks and treatment ca- 
pacity were to be provided for all the 
tanks that might conceivably be 
dumped by different departments on 
the same day. It was assumed there- 
fore, that tanks dumped weekly could 
be arranged to be dumped on a sched- 
ule to avoid, say, three or four of five 
that are regularly dumped once a week 
being dumped on the same day. It 
was also assumed that tanks that are 
dumped at intervals of three months 
or longer could be held a week if neces- 
sary to choose a good time for dumping. 
An analysis on this basis showed, in 
general, a regular daily contribution to 
each waste treatment process to which 
had to be added the largest tank 
dumped at irregular intervals, some 
of which were quite large compared to 
the average. The assumption was also 
made that batches of the strong 
chromie acid and cyanide wastes would 
require dilution to twice the volume 
before treatment. The capacity in the 
receiving tanks was considered unavail- 
able for storage of wastes in order to 
make the treatment and collection of 
the wastes practically independent, and 
as a factor of safety. It was also as- 
sumed that not more than one batch 
of each kind would be treated in any 
one day. Of course, in ease of an 
emergency, it would be possible to op- 
erate the treatment plant on more than 
one shift, but this would require ad- 
ditional trained personnel 
to become a regular thing. 
has not been necessary. 


if it were 
So far, it 


| 
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Recent Load Changes 


Since the treatment plant started 
operation in August, 1951, United Air- 
craft Corp. has made extensive changes 
that were beyond anything contem- 
plated when the treatment plant was 
designed. In the first place, the Ham- 
ilton Standard Division has built a 
new plant in Windsor Locks, Conn., 
and turned its old plant over to Pratt 
and Whitney, which has built a big 
addition to it. In connection with its 
new plant, Hamilton Standard has 
built its own wastes treatment plant. 
so the Pratt and Whitney treatment 
plant will not now have to take care 
of the wastes from Hamilton Standard. 
These did not amount to more than 
about 10 per cent of the estimated an- 
nual total, but the largest tanks pro- 
ducing cyanide and chromic acid 
wastes at long intervals were located 
in the Hamilton Standard plant and 
had an important effect on the storage 
capacity provided. 

On the other hand, Pratt and Whit 
ney has reconditioned and put back in 
service the Southington branch plant, 
located about 20 mi. from East Hart- 
ford. This plant includes a large plat- 
ing department and produces up to 
4.000 g.p.d. of soluble oils and Zyglo 
process wastes. The Zyglo process 
utilizes an iridescent soluble oil for 
testing aluminum and magnesium e¢ast- 
ings. The rinse waters are highly 
turbid, with an oil content of 0.25 
per cent, but are relatively small in 
volume. At East Hartford these 
wastes will continue to be discharged 
to the sanitary sewers, but the small 
size of the stream at Southington made 
it desirable to include Zyglo wastes 
from this plant with the soluble oils 
for treatment. A tank truck was pur- 
chased and the soluble oil wastes, in- 
cluding Zyglo wastes, have been 
brought to East Hartford daily for 
treatment since the Southington plant 
went into operation in the fall of 1951. 
These wastes are discharged into a 
tank located in the truck well of the 
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main plant, from which they are 
pumped to the treatment plant through 
the same pipe line with the soluble oils 
from Pratt and Whitney. Strong 
standing baths at Southington are 
pumped into 375-gal. tanks similar to 
those used at the main plant for trans- 
porting the wastes to the treatment 
plant, and are trucked from Southing- 
ton to the treatment plant in East 
Hartford. The treatment plant has 
been able to handle this additional load 
without difficulty. 

In addition, Pratt and Whitney has 
built and recently begun operations in 
a new branch plant in North Haven, 
Conn. This includes a large plating 
department, and it is planned to truck 
the strong baths and soluble oils from 
this plant also to the chemical wastes 
disposal plant in East Hartford for 
treatment. - It appears that the plant 
will have sufficient capacity to handle 
these wastes without going to two-shift 
operation, but in some cases it may 
be necessary to treat more than one 
batch a day. 


Operating Personnel 


The plant is operated by three men. 
Stanley Kotkosky is in charge and has 
kindly furnished the operating data. 
The collection and transportation of 
the strong wastes at the main plant in 
East Hartford is in charge of the 
plumbing department, which has two 
men regularly assigned to the task. 
The collection of soluble oils and their 
transportation to the soluble oil sump 
is handled by the oil department as 
in the past. Regular maintenance per- 
sonnel at Southington and North 
Haven handle collection of wastes as 
part of their duties, and trucking the 
wastes to East Hartford is handled by 
regular personnel of the traffie depart- 
ment. 

The operation of the new oil sepa- 
rator is also handled by the treatment 
plant crew. The operation of the three 
oil separators on the storm drains, the 
centrifuging of the reclaimed oil, and 
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its return to the boilerhouse for fuel, 
are handled by additional men. 


Treatment of Soluble Oils 

Two steel tanks are provided for the 
treatment of soluble oils. Each tank 
is 14 ft. in diameter by 12 ft. 5 in. 
deep at the center, has a flat conical 
bottom with a slope of 1 on 12, and 
holds 12,800 gal. below the bottom of 
the overflow pipe. Each tank is 
equipped with a combination floccu- 
lator and sludge removal mechanism. 
The steel tanks have a flat bottom sup- 
ported by a compacted sand fill held 
in place by a steel retaining ring 12 in. 
deep. The conical bottom is of con- 
crete fill. 

The soluble oils are pumped from the 
collecting sump in the main plant by 
sump pumps under automatic float 
control directly to one of the two 
tanks. The collecting sump provides 
an opportunity for metal chips and 
steel fibers to settle out. A V-bucket 
grit collector was installed to remove 
this material. Normally one tank is 
filling while the batch in the other tank 
is being treated. Since the plant was 


put in operation the two tanks have 
been connected just below maximum 


FIGURE 6.—Flow diagram for treatment of soluble oils and waste pickling liquor. 


water level so that if one tank fills dur- 
ing the night the excess will spill over 
into the other. This change was neces- 
sitated by the additional load of the 
Southington plant. 

The arrangement of tanks and pip- 
ing is shown diagrammatically in Fig- 
ure 6. As previously mentioned, the 
soluble oils are coagulated by treat- 
ment with alum and lime or by pick- 
ling liquor and lime. The handling 
and treatment of the pickling liquor is 
also shown in Figure 6. 

Up to the end of June, 1952, alum 
and pickling liquor had each been used 
about 50 per cent of the time for treat- 
ment. Operating data, when using 
alum and lime, are shown in Table IT; 
when using pickling liquor and lime, 
in Table III. 

It will be noted that, on the average, 
29.8 Ib. of alum and 20.6 lb. of lime 
have been required per 1,000 gal. and 
that the average batch now amounts to 
11,900 gal. This checks very closely 
the results of laboratory tests made by 
the consulting engineers, on the basis 
of which it was predicted that 35 lb. 
of alum and 23 lb. of lime would be 
required per 1,000 gal. of soluble oils. 
The averages for April, May, and June 
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of 1952 are even closer to these values. 
The amount of sludge is estimated to 
be about 9.6 per cent, compared with 
11.5 per cent in the laboratory tests. 

After the addition of chemicals, the 
flocculator is operated for 60 min., 
which is sufficient for development of 
an excellent floc. The batch is allowed 
to settle for 2 hr., and the supernatant 
is then drawn to the clear-water sump 
through multiple drawoffs located on 
the sides of the tank. A float-operated 
valve on the end of the drawoff line 
prevents flooding the basement if the 
valves are opened too wide. After the 
top water has been withdrawn, the 
mechanism is started again, and the 
sludge withdrawn through the bottom 
center outlet to the sludge sump, from 
which it is pumped to the lagoons. 
The sludges from the various treatment 
processes are pumped to separate la- 
goons, but only one sludge sump and 
only one sludge pump are provided, 
so some mixing of sludges occurs. This, 
however, does no harm. 

When pickling liquor is available it 
is carefully conserved for coagulation 
of the soluble oils. From September, 
1951, to August, 1952, all the pickling 
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liquor received has been used in this 
way, and none has required separate 
treatment. Treatment with pickling 
liquor has required an average of 30.1 
gal. of pickling liquor diluted approxi- 
mately 2 to 1, and 45.7 Ib. of lime per 
1,000 gal. of soluble oil wastes. The 
estimated requirements based on lab- 
oratory tests were 27 gal. of pickling 
liquor after 2 to 1 dilution and 32 Ib. 
of lime per 1,000 gal. Since December 
1, 1951, the average of the actual 
quantities has been 26.2 gal. of pickling 
liquor and 37.8 lb. of lime per 1,000 
gal., which is considerably closer to the 
estimated figures. The sludge pro- 
duced by this method of treatment ap- 
proximates 20 per cent by volume, but 
it gives less trouble in handling than 
the alum sludge and consolidates fur- 
ther in the lagoons, so that the end 
result is about the same whether alum 
or pickling liquor is used for coagula- 
tion. 


Treatment of Pickling Liquor 

The pickling liquor is dumped by 
gravity into a 1,050-gal. steel receiving 
tank lined with lead. In general, the 


Treatment of Soluble Oils with Alum and Lime 


Total 
Soluble 
Oils 
(gal.) 


No. of 
Batches | 
Treated | | 


49,450 | 
33,900 | 
18,300 | 
39,300 
52,100 


95,700 
118,500 
178,500 
107,100 | 
238,000 | 
226,100 | 


19 


Chemicals 
per Batch 
(Ib.) 


Chemicals 
per Gal. 
l 


Alum | Lime Lime 


Total 1,156, 950 


| 

103 | 
Av. | — | 


23,816 


11,200 | 335 


Total | Total | Av. | | 
Month | Alum | Lime Batch pul 
| 
| | | | | | 
Aug. | 7 | 1,109 | 1,255 | 7,064 | 159 | 180 | 22.4 | 25.4 | 8.2 
&§ Sept. | 4 | 1,004 | 770 | 8,500 | 251 | 192 | 29.6 | 22.7 | 10.8 haheg 
: Oct. | 2 | 457 | 457 | 9,150 | 228 | 228 | 25.0 25.0 | 11.5 va 
Nov. | 4 | 987 | 759 | 9,840 | 246 | 190 | 25.1 | 19.3 | 9.7 sary 
: Dec. | 5 | 1,215 | 1,000 | 10,420 | 243 | 200 | 23.4 | 19.2 | 11.1 hee 
i 1952 | | 
Jan. 8 | 2,428 | 1,800 | 11,960 | 304 | 225 | 25.4 | 18.8 | 10.3 ; 
Feb, 10 3,000 2,225 11,850 | 300 223 25.3 | 18.8 | 10.9 
Mar. 15 | 5,100 3,400 | 11,900 | 340 | 227 | 28.6 | 19.0 | 10.4 
Apr. | 9 | 3,600 | 2,400 | 11,900 400 | 267 | 33.6 | 22.4 | 10.3 re: 
; May | 20 | 8,000 | 5,000 | 11,900 | 400 | 250 | 33.6 | 21.0 | 10.3 e 
: 7,600 | 4,750 | 11,900 | 400 | 250 | 33.6 | 21.0 | 10.4 a 
34,50 | | 
| | 232 | 29.8 | 20.6 | 10.4 
2 
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TABLE III.—Treatment of Soluble Oils with Pickling Liquor and Lime 


Total 
Pickling 
Liquor! 

gal.) 


Total 
Soluble 

Oils 

(gal.) | 


No. of 
Batches 
| Treated | 


Month 


1951 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 


22,250 | 
45,350 | 
| 104,500 
131,200 
165,000 | 


1952 
Jan. 
Feb. 
Mar. 
Apr. 


| 121,700 | 
119,000 
83,300 
119,000 


Total 911,300 | 41,630 
Av. 


Diluted. 


pickling liquor tanks in the plant are 
rinsed out with an approximately equal 
volume of water, and both waste solu- 
tion and rinse water are brought to 


the plant and dumped into the receiv- 


ing tanks. Additional diluting water 
is added in the storage tank. From 
the receiving tank the liquor is pumped 
to a lead-lined storage tank of 1,250- 
gal. capacity. Valves and piping are 
lead lined. Transfer pumps are of 
‘*Durimet 20.’’ Selection of lead for 
tank linings and piping was based on 
the successful use of lead-lined tanks 
with this solution in the main plant. 
Extensive corrosion tests carried out 
in the pickling tanks indicated that 
‘‘Durimet 20°’ was the best of the 
available alloys and that the attack 
would be very slight. From the storage 
tank the liquor can be pumped into the 
soluble oils, or into the treatment tank, 
using the same transfer pumps. The 
treatment tank is similar to the storage 
tank, but is provided with a turbine- 
type agitator with hard-lead turbine 
and lead-covered shaft. 

When treating pickling liquor, 
about 2 ft. of liquor is run into the 
treatment tank and the agitator is 


Chemicals 


per 
per Batch 1,000 Gal 


Pickling | Lime 
Liquor (Ib.) 


Lime 
(Ib.) 


Pickling 


| 
| 
| Liquor 
| 


560 
9,500 
10,920 
10,300 


11,000 
11,900 
11,900 
11,900 


10,500 


started. Lime suspension is added un- 
til the solution is approximately neu- 
tral. Then both pickling liquor and 
lime are added together until the tank 
fills up. Constant checks of the pH 
are made during the process, and either 
the liquor or the lime is allowed to run 
a little longer than the other to end 
up with a neutral solution. A heavy, 
voluminous sludge of ferric hydroxide 
is formed, filling the entire volume of 
the tank. Laboratory tests indicated 
that even after settling for 24 hr. the 
sludge would amount to 86 per cent 
by volume. The entire contents of the 
treatment tank are dumped to the 
sludge sump and pumped to one of the 
lagoons. From August, 1951, to April, 
1952, 13,915 gal. of pickling liquor were 
received. In August and September, 
14 batches amounting to 4,939 gal. 
after 2:1 dilution were separately 
treated and required 5,175 lb. of lime. 
The final pH averaged 8.0. 
Preliminary estimates indicated that 
the quantity of pickling liquor might 
be just sufficient to treat all the soluble 
oils, but because of its intermittent 
production provisions were also made 
for treating the soluble oils with alum. 


| | 
Total Av. 
Ib.) gal.) | 

| 

(gal 
| | 
3 so2 | 2,700 7,417 | 900 | 360 121 | 115 
SG | 6 2,128 | 2,720 | 453 | 47 | 60 | 10.4 
| 4,151 | 6,355 | | 578 | 40 | 61 | 117 
4,364 | 6,870 | 528 | 33 | 52 | 11.7 
| 16 4,586 | 6,185 | | 386 | 28 | 38 | 11.0 
| | | | | | 
3,000 4,300 | 272 | 391 | 25 | 35 | 11.1 
eS | 10 3,472 | 5,200 | | 347 | 520 | 29 | 44 | 10.1 
8 | 7 2,190 3,100 | | 317 143 | 26.3 | 37.3) 10.9 : 
iim | 10 2,720 4,200 | | 272 | 420 | 22.8 | 35.3] 10.2 
| 
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It also was foreseen that additional 
lines using the same pickling process 
might be installed, which would make 
it essential to have facilities for sepa- 
rate treatment of this liquor. Re- 
cently the existing process line in the 
plant was removed and replaced with 
two lines having tanks of considerably 
larger capacity. For a period of sev- 
eral months while these changes were 
being made no waste pickling liquor 
was received. About the middle of 
August, 1952, several large tanks from 
the new line were dumped at the same 
time, straining the holding capacity of 
the pickling liquor tanks at the treat- 
ment plant to the limit. The operator 
reports that he has been unable to 
obtain satisfactory clarification of the 
soluble oils in the laboratory with these 
wastes and that they will have to be 
treated separately as previously de- 
scribed. 


Treatment of Mixed Acids 
The acid wastes are dumped by 
eravity into a 1,050-gal. receiving tank, 
which lined with Saran rubber. 
From the receiving tank the acids are 
pumped to a Saran-lined storage tank 
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| 
Mixed Alkali | xo of Total 
M Acids Wastes | B Waste 
onth Ree'd.' Rec'd Te Treated! 
gal.) j gal.) reatec (gal.) 
1951 
Aug. | 1,385 | 550 | 4 | 1,606 
Sept. 2.587 | 446 8 4,315 
Oct. 3,051 | 1,730 | 10 7,060 
Nov. 2,908 2,061 | 9 5,870 
Dee. 2,635 2,710 | 7 5,645 
1952 
Jan. 3,143 3,080 | 11 | 6,837 
Feb. 3,026 | 14 | (8,805 
Mar. 3,275 7,559 | 11 7,525 
Apr. 3,827 5,935 | 10 6,425 
May 1,218 3730 | 12 | 7,255 
June 3,030 3,633 | 10 | 6,060 
Total 36,505 34,460 106 67,393 
Av. 


! Including 1:1 dilution. 
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holding 1,250 gal. Steel piping and all 
valves are Saran-lined. Pumps and 
check valves are of. ‘‘Durichlor.’’ 
Pumps are connected to the piping by 
means of acid-resistant rubber. From 
the storage tank the liquor can be 
pumped by means of the same transfer 
pumps into the treatment tank. The 
treatment tank is a Saran-lined steel 
tank equipped with a turbine type agi- 
tator. Turbine and shaft are covered 
with Saran rubber. 

When treating mixed acid wastes, 
the treatment is started with about 2 
ft. of wastes in the treatment tank. 
Lime suspension is then run in, with 
the mixer going, until the solution is 
approximately neutral. The treatment 
is then continued, with acid wastes and 
lime solution being added simultane- 
ously until the tank is nearly full, 
when one or the other is shut off, de- 
pending on the pH. The treatment is 
stopped when the pH reaches approxi- 
mately 7.5. During the treatment the 
temperature is closely watched to make 
sure that it does not go above 150° F., 
as higher temperatures would cause 
damage to the Saran-rubber tank lin- 
ings. Acid wastes as 


received are 


land Sludge p atch 
i (gal.) | (gal | h 
| 1,460 | 7.2 | 400 366 
2.880 78 540 360 
3,275 7.8 | 706 328 
2,360 _ 7.2 655 | 262 
1,350 3,025 8.2 806 193 
| 

4,215 6.020 383 
6,035 8,720 7.5 628 430 
3,792 5,050 | 7.6 | 683 342 
| 3,920 | 3,150 | 7.4 | 643 392 
4,900 4,000 7.5 605 408 
| 4,835 — 7.5 606 484 

| 39,022 | 29,965 
7.5 635 368 


> 

: 

2 

‘ TABLE IV.—-Neutralization of Mixed Acids : 
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diluted approximately 1 to 1 to re- 
duce the temperature effect during 
treatment. Thermometers are pro- 
vided on the treatment and receiving 
tanks. Operating data are given in 
Table IV. 

Table IV also shows the volume of 
the alkali wastes collected. These at 
first were mixed with the acid wastes, 
but are now generally added to the 
cyanide wastes to reduce the amount 
of caustic soda required, as mentioned 
elsewhere. The tanks can be drained 
either to the sludge sump or to the 
clear-water sump. Very little sludge 
was expected from the neutralization 
of mixed acids, except in the case of 
sulfuric acid, which was expected to 
be small in volume. However, the rec- 
ords show the quantity of sludge to 
amount to 45 per cent of the volume 
of acid wastes after dilution. In gen- 
eral, the entire batch is sent to one of 
the sludge lagoons, and the top water 
drains back to the clear-water sump 
from the lagoon. 

Saran rubber was chosen because the 
tabulated resistance recommendations 
seemed to indicate that it had the best 
chance of any of the rubber or plastic 
compounds of standing up under the 
various acids which might be received. 
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Inquiries of other rubber manufac- 
turers indicated in each case that one 
of the acids we proposed to handle 
would give trouble. Some blistering 
of the Saran tank linings and of the 
covering of the agitator shaft has been 
observed, and three of the Saran dia- 
phragms in the valves have had to be 
replaced. One of the diaphragms has 
been replaced with butyl rubber and 
two with Neoprene. Time will tell 
which gives the best service. 


Treatment of Chromic Acid Wastes 

The chromic acid wastes are trucked 
to the treatment plant and dumped by 
gravity into a 1,050-gal. unlined steel 
receiving tank. From the receiving 
tank the wastes are pumped to two 
plain steel storage tanks, holding 2,000 
gal. each. Piping is wrought steel, and 
valves are all-iron with stainless steel 
trim except at the transfer pumps, 
where lead-lined valves and pipe are 
used, since the same transfer pumps 
are used for both pickling liquor and 
chromic acid. The transfer pumps are 

‘*Durimet 20.’’ From the storage 
tanks the chromic acid can be pumped 
by means of the same transfer pumps 
into the treatment tank (see Figure 
7). The treatment tank is a lead-lined 
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FIGURE 7.—Flow diagram for treatment of chromic acid wastes. 
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steel tank equipped with a lead pipe 
cooling coil and a turbine-type agi- 
tator with hard lead turbine and lead- 
covered shaft. The cooling coil econ- 
sists of 14 coils of 2-in. i.d. lead pipe, 
4 ft. 6 in. in diameter. A 5-ft. 8-in. 
diameter ring of 1'4-in. perforated 
lead pipe is located 1 in. off the bottom 
of the tank. Perforations consist of 
71 3/32-in. diameter holes located 3 in. 
on centers in the bottom of the pipe 
and staggered 45° on each side of the 
center line. A mixture of liquid and 
gaseous sulfur dioxide is fed to the 
perforated ring through a 1-in. lead 
drop pipe. The sulfur dioxide is with- 
drawn as a liquid from the 1-ton con- 
tainers, which are padded with com- 
pressed air, and is measured as a liquid 
by a rotameter. The rate of feed is 
controlled by a stainless steel needle 
valve, and approximately 10 per cent 
of the SO, flashes into gas on passing 
the valve. The system is designed for 
feeding SO, at rates up to 10 lb. per 
minute and has been very satisfactory. 

Lead fluoborate baths, to the extent 
available, are stored in one of the stor- 
age tanks and mixed with the chromic 
acid wastes to form insoluble lead 
chromate. The quantities of lead so- 
lution received, however, have been 
small. The bulk of the chromium 
wastes are treated with sulfur dioxide 
to reduce the hexavalent chromium to 
the trivalent form according to the 
following reaction: 


2H,CrO, + 380, > Cr,(SO,), + 
2H,O + 251,400 calories * 


Based on this equation, 0.96 lb. of 
SO, are required per pound of CrQ,. 
In the past, batches of about 700 gal. 
have been pumped into the treatment 
tank and diluted to 1,150 gal. Re- 
cently, the size of the batches has been 
reduced to about 400 gal. diluted to 

* Heats of reaction given in this paper have 
been computed by the author from the data 


contained in  Bichowsky and _ Rossini, 
‘*Thermochemistry of the Chemical Sub- 


stances,’’ and apply to the processes carried 
out in the manner described in this paper. 
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1,150 gal., which results in less increase 
in temperature and better mixing dur- 
ing the addition of the lime slurry. 
Effluent from the oil separator is used 
for dilution and is also pumped 
through the cooling coils to control the 
temperature. A pump with a rated 
capacity of 80 g.p.m. was installed in 
the pump chamber at the oil separator 
to supply cooling water for chromic 
acid and cyanide treatment. The heat 
of reaction amounts to 2,300 B.t.u. per 
pound of CrO, during reduction with 
SO,, and another 470 B.t.u. per pound 
during the addition of the lime. The 
temperature of the batches formerly 
rose to 130° F. during treatment, but 
now does not rise above 110° F. The 
temperature in either case is well be- 
low the permissible limit of 190° F. 
At the beginning of treatment the 
wastes are dark brown, with a pH of 
about 0.5. SO, is added at a rate of 
about 8 lb. per minute until the re- 
action is nearly complete, when the 
rate is reduced to about 4 Ib. per 
minute until the end point is reached. 
This takes about 11% hr. for a 700-gal. 
batch of raw wastes. At the end of 
the reaction the solution is green, has 
a pH of about 2.4, and the odor of 
SO, can be detected. Lime slurry con- 
taining 1.25 lb. Ca(OH,) per gallon 
of slurry is then added until the pH 
is about 7.0. The treatment results in 
a crystal clear supernatant with a 
sludge consisting of Cr(OH),, CaSO,, 
and the hydroxides of other metals 
which may be present, principally cop- 
per and aluminum. The sludge 
amounts to approximately 175 per cent 
of the original raw wastes by volume, 
so the entire contents of the tanks is 
pumped to one of the sludge lagoons. 
By June 1, 1952, one lagoon was com- 
pletely filled with chrome sludge, which 
was so well cracked and consolidated 
by the middle of July that one could 
walk all over it. 

Table V shows the CrO, equivalent 
of the lead solutions received and Table 
VI shows the amounts of SO, and 
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TABLE V.—Chromic Acid Neutralized by 
Lead-Plating Solutions 


Lead Metal 


gal (Ib 


('a(OH), used compared with the theo- 
retical amounts. Operating data are 
Table VII. The quantity of 
SO, used for the five months for which 
records are complete was just exactly 
the theoretical amount, but varied from 
81 per cent to 114 per cent of the 
theoretical in individual months. The 
quantity of lime used compared simi- 
larly with the theoretical amount. 
These values are based on the content 
of the chromic acid and lead solutions 
as noted on the tank record cards at 
the time of dumping, and it is known 
that some variation may take place be- 
tween the time of dumping and the last 
analysis by the concrol laboratory. For 


shown in 


example, three samples of chromic acid 
wastes analyzed by the laboratory dur- 
ing the design period showed the fol- 
lowing results: 


Content (oz. ‘gal 


Solution 


M&k Per 
Anal Cent 


Cadmium bright dip 
Copper strip solution 
Anodizing solution 


! Metcalf and Eddy laboratory. 
* Comparison of M «& FE analysis with tank 
ecard record. 


These analyses may explain the vari- 
ation in the amount of SO, used com- 
pared to the theoretical amount, but 
the over-all conclusion is that the SO, 
is being efficiently applied and uti- 
lized. 
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Treatment of Cyanide Wastes 


The cyanide wastes are trucked to the 
treatment plant and are dumped by 
gravity into a 1,050-gal. steel receiving 
tank. From the receiving tank the 
wastes are pumped to a storage tank or 
one of two treatment tanks. Each tank 
holds 2,000 gal. and is plain steel, 
unlined. Piping is wrought steel and 
valves are all-iron with stainless steel 
trim. Due to a mistake of the valve 
manufacturer plain all-iron valves 
were furnished and installed in the 
eyanide and chromic acid lines and in 
the drawoffs from the soluble oil tanks. 
The mistake was not discovered until 
the plant was almost ready to go into 
operation. Since the valves specified 
could not be delivered for another six 
to eight months, it was decided to start 
operation with the plain all-iron valves, 
checking to see if they might not be 
satisfactory anyway. On the drawoffs 
from the soluble oil tanks they appear 
to be satisfactory, but they have proved 
definitely unsatisfactory on both the 
chromic acid and cyanide lines and 
have now been replaced with all-iron 
valves with stainless trim, as 
originally specified. Transfer pumps 
are made of ‘‘Durimet 20.’” The treat- 
ment tanks and storage tank are simi- 


steel 


lar except for the piping connections. 
Two treatment tanks are provided so 
that one tank can be held over and the 
residual cyanide content checked be- 
fore dumping while a batch is being 
treated in the other tank. 

Treatment is by alkaline chlorina- 
tion. The flow diagram 


Figure 


is shown in 
Two pumps, one of which is 
a spare, are provided for recirculating 
the wastes. Each pump is of all-iron 
construction, with a capacity of 150 
g.p.m. The pump draws from the bot- 
tom of the treatment tank and pumps 
the wastes through a heat exchanger 
and then through the injector of the 
chlorinator. Caustie soda solution is 
added just ahead of the heat exchanger 
by a chemical feed pump. The heat 
exchanger is of the spiral type and was 


Wente CrOs 
Month 
Vol _| Equiv. 
1952 Ib 
Jan. 875 13 711 343 
Feb. 490 398 192 
Mar. 325 13 264 | 127 : 
ea Apr. 538 17.4 585 282 
Card 2 : 
5.8 5.6 | 96.5 
13.5 9.8 | 72.5 
13.0 | 13.7 105 
; 
| 
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TABLE VI.—-Chemicals Used for Chromic Acid Treatment Compared with 
Theoretical Requirements 


CrOa! | 
lead | te eet |b. SOs | "Lb. Ca(OH)s| Ca(OH: 


| am | 


(10,285 | 17.7 34: “11,0171 8,640, 0.78 10,100) 
9,025 | 18.6 10,500, 192 | 10,308 11,210, 1.09 12,8001. 

10,530 17.8 11,700, 127 11,573) 9,780 0.85 | 89 | 10,950) 
8,425 18.1 9,525 9,243) 10,100 1.09 11,420 
8,225 17.8 | 9,150 | 8920 — — | 10,475 tag 
June 9,140 17.6 10,050 10,050) 10,400, 1.03 | 107 12,850 
Total’ 2.191 50,130 0.96 58,1201. 


!CrO; content based on tank record ecards. 
2 Theoretical. 
3Omitting May. 


specified to remove at least 750,000 The heat of reaction is equivalent to 
B.t.u. per hour from 150 g.p.m. of re- 4,150 B.t.u. per pound of NaCN con- 
circulated waste waters entering at verted, or 2.850 B.t.u. per pound of 
120° F. Oil separator effluent at 80 (|, used. With chlorine fed at a maxi- 
.p.m. is used for cooling water. mum rate of 250 lb. per hour (6,000 Ib. = 
The conversion of cyanides to cya- per day), the heat release amounts to 
nates takes place in accordance with 9 959 » 950 = 712.000 B.t.u. per hour. 
the following reaction : The destruction of cyanates to nitrogen pA 
NaCN + 2NaOH + Cl, — NaCNO and carbon dioxide according to the a 
+ 2NaCl + H,O + 112,700 calories following reaction releases 2,250 B.t.u. e 


TABLE VII.—Treatment of Chromic Acid Wastes 


Chromic Lead | Total T : | _Av. Av. Av. 
Montt Acid Sol. | Batches | Wastes | SO: 2 ate SO: per | Lime per 
Ree'd. Rec'd. | Treated | Treated!) 


| (gal. 


1951 

Aug. 575 | | | 

Sept. 2,085 | 5 | 2,263 | 1,780 | 

Oct. 3,800 | 4,928 | 2,620 

Nov. | 6,555 9,251 | 7,665 | 

Dec. | 4,915 | 5,630 | 4,855 | 

1952 | 

Jan. 10,285 | 875 | 11,305 | 8,640 | 

Feb. 9,025 | 490 12,770 | 11,210 : 
Mar. 10,530 325 j 5S 9,730 | 10,950 
Apr. 8,425 | 538 5 | 10,375 | 10,100 | 11,420 
May 8,225 | 875 | 3. | 8,780) 8,920) 10,475 j 
June 9, j 10,400 12,850 j 


Total 
Av. 


| 


73,560 | 4128 1: 75,920 


! Includes rinsings of tanks in which wastes are transported, which accounts for larger figures 
in this column. 
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Month | Waste | 
1952) | Vol. a 

a 7.0 | 670 | 584 | 670 

! 
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FIGURE 8.—Flow diagram for treatment of cyanides. 


per pound of Cl, used: 


NaCNO 4 INal IH 4+. 11 6Cl, co, 
+ 3NaCl + JAN, 
+ H,O + 133,000 calories 


In batch treatment of cyanide wastes, 
after the initial conversion of some of 
the eyanides to cyanates, both reactions 
take place simultaneously as the wastes 
circulate through the chlorinator in- 
jector. However, since the first reac- 
tion is substantially complete in a mat- 
ter of minutes, whereas the second is 
said to require 1 hr. or longer, it is 
reasonable to suppose that most of the 
chlorine is used in the conversion of 
cyanides to cyanates. Due to the rela- 
tively low toxicity of cyanates and the 
large dilution available in the Con- 
necticut River, the conversion of cya- 
nides to cyanates is considered suffi- 
cient at Pratt and Whitney. The proc- 
ess is stopped when a chloramine re- 
sidual of 50 to 250 p.p.m. in the treat- 
ment tank is obtained. The chlorina- 
tion takes about 5 hr. Usually during 
the last hour or two a strong odor of 
ammonia detected the 


can be above 


treatment tank, which may be caused 
by one of the intermediate steps mak- 
ing up the second reaction above. This 
odor changes to a chlorine odor when 
the first reaction is complete. 

Batches of around 850 geal. are 
treated, as indicated in Table VIII. 
On the average, each batch required 
915 lb. of chlorine and 764 lb. of NaOH 
(dry basis) and the chloramine re- 
sidual averaged 209 p.p.m. Treatment 
usually begins at 7 Am with a chlorine 
feed rate of 5,500 lb. per day. After 
214 hr. the rate has to be reduced to 
5,000 and eventually to 4,000 lb. per 
day, due to gassing in the recirculating 
lines. The initial pH is around 12 
and the eaustie feed is started about 1 
hr. after the start of chlorination, when 
the pH has dropped to 9.5. The stroke 
of the caustic feed pump, although 
adjustable, requires shutting down, 
and adjustment by use of a wrench on 
an adjusting screw. Another model 
pump, considerably more expensive, 
is available with a handwheel for 
micrometer adjustment. As things 
out, this pump would 


have worked 
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TABLE IX.—New Batch and Cyanide Lagoon 
Supernatant Analyses 


Batch | Lagoon 
Chloramine residual ! (p.p.m.) 

After treatment 100 — 
After 24 hr. 0 —_ 
pH 8.5 8.8 
Cyanides, as CN (p.p.m.) 0.74 | 38.1 


! Data furnished by plant operator. 


have been preferable because of the 
progressive decrease in rate of chlo- 
rine feed, but the operators have been 
able to control the pH between 8.5 and 
9.0 satisfactorily by shutting down the 
caustic pump for 5-min. intervals dur- 
ing the treatment. This type of oper- 
ation, however, may be responsible for 
the strong ammonia odor previously 
mentioned, but not reported elsewhere 
as far as is known. 

Based on rough checks, the quantity 
of heat removed by the heat exchanger 
is very close to the theoretical heat re- 
lease. The heat exchanger has not been 
cleaned since operation started and is 
probably dirty. Temperatures reach 
a maximum of about 140° F. during 
the treatment, falling off somewhat to- 
wards the end of treatment as the rate 
of chlorine feed is reduced. 

The particular chlorinator used was 
selected not only because it was the 
latest model with the most accurate 
control obtainable, but because the vol- 
ume of the tray water from the solu- 
tion feed models would have increased 
the size of the treatment tank greatly, 
and in case of operating conditions or 
concentrations different from those ex- 
pected, there was a_ possibility that 
even the enlarged tanks would have 
been too small. 

From 5 to 20 per cent of sludge is 
formed, varying in the individual 
batches. Some of the sludge settles 
readily, whereas more than 24 hr. is 
required in other cases. Following the 
end of treatment, the batches are held 
for at least 4 hr. to make sure that the 


chloramine residual does not disap- 
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pear. In general, alternate batches are 
held 24 hr. and two batches are dumped 
together. The procedure to date has 
been to pump the entire contents of the 
tanks to one of the sludge lagoons. 
The supernatant in this lagoon is deep 
blue in color, and is drawn off to the 
effluent sump, and pumped to No. 2 
drain. 

3ased on the NaCN content as re- 
corded on the tank cards, the amount 
of chlorine used has been 2.81 Ib. per 
pound of CN and 2.32 lb. of NaOH 
per pound of CN. The theoretical 
amounts required for conversion to cya- 
nates are 2.73 lb. of Cl, and 3.08 lb. 
of NaOH per pound of CN. The alkali 
wastes included with the cyanides have 
reduced the amount of caustic required. 

Due to the copper content of the 
wastes the destruction of cyanides is 
not complete. Analyses by the oper- 
ator of 65 different treated batches 
gave results varying from 1 to 108 
p.p.m. of CN with 0 p.p.m. in one case. 
Analyses of the supernatant in the la- 
goon have been reported by the oper- 
ator to run from 20 to 50 p.p.m. of 
cyanide, even with a chloramine re- 
sidual in the lagoon, which occasionally 
occurs. <As a result of these reports, 
samples of the supernatant from the 
lagoon and from the current batch, 
which had just been treated, were col- 
lected by the author on July 19, 1952. 
The analysis is given in Table IX. 


TABLE X.—Analyses of Sludge from 
Cyanide Lagoon 


Sample Taken from 


| | 
| Upper End 


Lower End 


Color | Dark haoiel Dark brown 
Moisture (%) 70.7 70.0 
Total solids (%) 29.3 30.0 
Total cyanides! 

as CN (p.p.m.) | 7,270 3,900 
Filtrate from sludge, | 

total cyanides, as | 

CN (p.p.m.) 24.7 | 5.4 


1 Dry basis. 
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TABLE XI.—Analyses of Treated Batches of Cyanide Wastes 
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Date of Treatment! 


Aug. 25 


Aug. 26 


Aug. 27 


Batch treated: 
Size (gal.) 
NaCN contents: 

Lb. 
Oz. per gal. 

Cyanides, as CN (p.p.m.) 
Chloramine res. (p.p.m.) 
Color Dist. turquoise 
blue 
None 
Extreme 


Odor 
Turbidity 
Settleable solids: 
% by vol., 1 hr. 
% by vol., 2 hr. 
Solids (p.p.m.): 
Total 
Dissolved . 
Suspended 
Settleable 
Cyanides, as CN (p.p.m.): 
Total 
Dissolved 
Suspended 
Destruction of cyanides as 
CN (%) 
Copper, as Cu (p.p.m): 
Total 
Dissolved 
Suspended 


Dist. brown, 
v. sl. green 
Ammonia 

Extreme 


96 


Dist. brown, 
sl. green 
Ammonia 
Extreme 


6.5 


Dist. brown, 
v. sl. green 
None 
Extreme 


76 


4.4 


158,000 
158,000 


All in 1952. 


Analyses of two samples of the 
sludge in the cyanide lagoon, one from 
the inlet end and one from the outlet 
end, were as given in Table X. 

These results were disturbing, since 
destruction of residual cyanides by hy- 
drolysis in the lagoon had been ex- 
pected. It was decided to obtain sam- 
ples of treated batches for complete 
analysis and accordingly samples of 
four consecutive batches were obtained. 
These samples were taken just at the 
end of chlorination, before the sus- 
pended solids had a chance to settle out. 
The results are shown in Table XI. 
Considerable variation is shown by the 
individual samples; surprisingly, most 
of the residual CN is dissolved. 

Finished batches amount to about 
1,250 gal. each. If the treated wastes 


were dribbled into Willow Brook or 
No. 2 drain at a uniform rate through- 
out the 24 hr., the flow would be a 
little less than 1 g.p.m. A dilution of 
2,000 to 1 would be available in No. 
2 drain and two to three times this 
dilution in Willow Brook. If dis- 
charged in this manner to No. 2 drain, 
the resulting concentration of cyanide 
and copper would be well below the 
limits set by the State Water Commis- 
sion. This method of disposal is be- 
ing given serious consideration and will 
probably be adopted. It should be re- 
membered that at present the super- 
natant is pumped in slugs to No. 2 
drain during overflows from the la- 
goons, and before the construction of 
the plant the untreated wastes reached 
the Connecticut River in slugs via the 


455 
865 905 865 oe 
815 452 615 4 
15.1 8.0 11.4 sc? 
60,000 31,800 45,400 
150 200 280 Bee 
12 = = 
9 90 = 68 
144,000 215,000 190,500 
141,500 214,000 180,500 
: 2,500 1,000 0 10,500 ae 
3,500 4,000 2,000 57,500 oe. 
59.5 101.2 91.2 190 
42.3 80.7 65.2 186 . 
17.2 20.5 26 4 
99.81 99.83 99.70 99.58 
: 1,866 1,405 1,142 735 ze 
1,245 369 794 88 a 
: 621 1,036 348 647 2 


456 SEWAGE AND INDUSTRIAL WASTES 


sanitary sewers. This would be a dis- 
tinct improvement over both previous 
methods, and the very small proportion 
of suspended solids should not be ob- 
jectionable with the dilution available. 

No decision as to the disposal of the 
existing sludge in the cyanide lagoon 
has yet been made. If it is decided to 
dribble the wastes into Willow Brook 
or No. 2 drain as described, it is prob- 
able that an attempt will be made to 
reduce the cyanide content of the 
sludge in the lagoon with hypochlorite 
before disposal. 


The Oil Separator 


As previously mentioned, the quan- 
tity of mineral oils escaping from No. 
2 drain required the construction of an 
oil separator. No. 2 drain is 48 in. 
in diameter and has a capacity of 84 
¢.f.s. flowing full. The separator (Fig- 
ure 9) was located in the valley of 
Willow Brook and was designed as a 
single-section separator in accordance 
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with API standards; the existing Gale 
separator was retained in use and was 
considered the equivalent of the first 
section of a two-section separator, with 
the new separator equivalent to the 
second section. The new unit consists 
of two basins each 16 ft. wide by 6 ft. 
water depth by 64 ft. long, and is 
equipped with rupture trays, scrapers, 
and rotating slotted oil skimming pipes. 
The average flow in No. 2 drain is 
about 2,000 g.p.m. The separator is 
designed for a flow of 4,000 g.p.m. 
Above this flow, water overflows the 
weir on the end of the old skimming 
pit at the end of No. 2 drain. This 
pit was skimmed by hand and had been 
constructed to remove the excess oil 
getting past the original separator. It 
proved to be entirely inadequate for 
the purpose and has been abandoned 
except as an outlet and point of con- 
nection for the 24-in. pipe leading to 
the new separator. It now contains a 
diagonal skimming baffle and the sluice 


FIGURE 9.—New oil separator, which acts as second section in conjunction with 
existing unit. 


ox 
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TABLE XII.—Oil Separator Operation, 
Analyses of Catch Samples 


Oil Content (p.p.m.) 
Date 
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Influent Effluent 


May 8, 1951 
June 13, 1951, 2 pm 
June 13, 1951, 3 pm 


13.3 “ 
62.3 15.0 
14.4 10.3 


vate controlling the flow to the sepa- 
rator opens downward so floating oil 
will not be trapped in the pit. A flow 
of 10,900 g.p.m. is required in No. 2 
drain to overtop the skimming baffle, 
at which time 6,000 g.p.m. can be taken 
through the separator and 4,900 g.p.m. 
will flow under the skimming baffle and 
over the weir at the outlet of No. 2 
drain. When such flows occur, which 
happens very infrequently, the quan- 
tity of oil escaping to Willow Brook 
is so diluted that it is not objection- 
able. 

Tests of the oil separator (Table 
XII) show that it is capable of reduc- 
ing the oil content below 15 p.p.m., the 
limit set by the State Water Commis- 
sion. 

The Gale separator on No. 2 drain 
removes about 4,500 gal. per month of 
oil, which centrifuges readily and is 
pumped to the company’s own power- 
house, where it is burned under the 
boilers. It was assumed that the oil 
removed by the separator could be 
handled in the same way, and that the 
sludge from the bottom could be 
pumped into barrels for disposal. Ap- 
proximately 12,000 gal. of oil have 
been removed by the separator and 
pumped to the powerhouse, and at pres- 
ent it contains about 5,000 gal. more, 
which can be handled in the same way. 
This represents oil formerly discharged 
into Willow Brook. However, the sepa- 
rator is pretty efficient at removing 
lint, scum, and other floating solids, 
which form a layer of oily scum under- 
neath the good oil. This material clogs 
the existing centrifuges, and means 
that the good oil can be removed only 
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after it accumulates to several inches 
in depth above the scum, or until it is 
deep enough that the flights do not 
mix the two layers. The material that 
settles has proved equally difficult. A 
centrifugal sludge pump was installed 
to remove this material. However, it 
is either so thick as to make pumping 
very difficult or so thin as to be practi- 
cally a black water. Operation of the 
flights under present conditions so stirs 
up the tank that it is necessary to shut 
off the flow through that side of the 
separator when the flights are in oper- 
ation. 

Considerable thought has been given 
to this problem, and it has been recom- 
mended that a separating tank be in- 
stalled on the top of the bank, into 
which all the oil, sludge, and scum can 
be pumped, and a sludge bed, on which 
the sludge and scum from the bottom 
of this tank can be dried. The sepa- 
rating tank would be of about 5,000- 
gal. capacity, but of small diameter so 
that the material would separate into 
layers of sufficient depth to make sepa- 
rate removal of each constituent easy. 
Tests of the bottom material indicate 
that it will dry readily on sand beds. 
This should facilitate operation and 
maintenance of the separator. Mean- 
while, tests on the top material are 
being made by one of the centrifuge 
manufacturers. There is no doubt that 
this problem will eventually be solved, 
so that the oil can be centrifuged for 
use at the powerhouse on a regular 
schedule. 
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DISCUSSION 


3y STANLEY KoTKOSKY 


Operator, Chemical Wastes Disposal Plant, Pratt § Whitney Aircraft, 
East Hartford, Conn. 


When wastes were first received at 
the treatment plant, the following pre- 
cautions were adopted as a safety meas- 
ure : 


1. Each batch had to be accompanied 
by a card bearing the composition of 
the solution and its point of origin. 

2. Before a batch could be dumped 
it had to be tested with pH papers to 
avoid dumping into eyanide 
wastes by mistake. In several instances 
this precaution proved to be of practi- 
cal value. 


acids 


The tanks used in transporting the 
acid wastes first lined with a 
plastic sheet having a large coefficient 
of expansion. The hot wastes caused 
buckling of the linings and splitting at 
the seams. A different type of plastic 
without these defects was substituted, 
and the tanks are now satisfactory. 

The soluble oils accumulate rapidly, 
so that a batch is treated almost every 
day. When the plant was first started, 
coagulation tests of every batch were 
run in the laboratory prior to dosing 
with chemicals. This is still done 
when treating with pickling liquor, be- 
cause the strength and dilution of the 
pickling liquor varies considerably. 
When using alum and lime, however, 
tests are now made once in two weeks. 

In general, it has been possible to 
obtain good treatment with 5 to 10 


were 


per cent less chemicals than the opti- 
mum values obtained in the laboratory. 
For example, if insufficient lime is 
added, a floe is formed, part of which 
floats. In the laboratory it has been 
necessary to add the equivalent of 23 
lb. of lime per 1,000 gal. to obtain such 
a floc, but the full-size batches have 
required only 20.6 lb. per 1,000 gal. on 
the average. It is much simpler to 
handle a sludge only, rather than to 
try to remove scum from the top of the 
tank as well. <A thin film of mineral 
oil from machine drippings is usually 
present on the top of a treated tank 
and is discharged with the sludge. Oc- 
easionally, due to an oversight, min- 
eral oils amounting to several inches 
in depth have been received with the 
soluble oils. When this has occurred 
they have been dumped with the super- 
natant, as the discharge goes to No. 2 
drain and must pass through the oil 
separator before entering Willow 
Brook. 

The 


wastes 


treatment of chromic acid 
is easily controlled. The raw 
wastes are a deep brown and as sulfur 
dioxide is added, the color changes 
progressively to yellow-green, green, 
and bluish-green. Long-handled metal 
dippers are used for obtaining samples 
from the tank and when a sample is 
placed in a beaker the fact that the 
end point is close at hand is apparent. 
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A drop of silver nitrate is added to 
the beaker and if no rusty brown spot 
appears, the reduction of the hexa- 
valent chromium is complete. Di- 
phenyl carbazide has also been used 
for checking the end point and gives 
results paralleling those obtained by 
the use of silver nitrate. A number of 
quantitative tests of the supernatant 
liquor have been made after final pre- 
cipitation with lime using diphenyl 
carbazide as the test reagent. The re- 
sults have shown less than 1.0 p.p.m. 
of hexavalent chromium remaining in 
all cases. The odor of sulfur dioxide 
becomes apparent if treatment is con- 
tinued a minute or two longer than 
necessary to reduce all the hexavalent 
chromium. 

When lead-plating baths are present 
there is some interference with the 
color observations due to the precipita- 
tion of a yellow lead chromate. 

A recent test analysis by the control 
laboratory for the chromic acid content 
of a copper stripping bath as received 
gave the following results: chromic 
acid, 22.3 oz. per gal.; trivalent chromi- 
um, 0.5 oz. per gal.; and copper, 0.5 oz. 
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per gal. The tank card gave the nomi- 
nal strength of this solution as 21.0 
oz. per gal. of chromic acid. 

Due to the high toxicity of cyanide 
wastes, a good deal of attention has 
been concentrated on them. The treat- 
ment is always carried to a high re- 
sidual of 50 to 250 or more parts per 
million as chloramine. However, the 
cvanide content of the treated batches 
has been erratic and seems to bear no 
relation whatever to the chloramine 
residual. The results and conclusions 
arived at by the consulting engineers 
are given in the paper. 

In June and July eyanide determi- 
nations were made on_ individual 
batches before treatment. Cyanide 
contents averaged 92 per cent of the 
values given on the tank cards (9.84 
oz. per gal., compared with 10.7 oz. 
per gal. from the tank cards). The 
chlorine used was 3.42 lb. of Cl, per 
pound of CN, compared with a value 
of 3.16 based on the tank cards. This 
would indicate that the chlorine use 
given in Table VIII of the paper 
should be multiplied by a factor of 1.08. 


DISCUSSION 


By Guy E. Grirrin 


Sanitary Engineer, American Cyanamid Co., New York, N. Y. 


On reading Mr. Burdoin’s excellent 
paper, the writer was impressed by a 
number of things and reminded of cer- 
tain experiences, some parallel to, and 
some in contrast to those related by 
him. 

The waste disposal problem at Pratt 
and Whitney was an existing one, wait- 
ing for someone to make an inventory 
of the various wastes—not a simple 
job when it covers 13 pages! The 
wastes could actually be measured as 
to quantity, and sampled and tested 
as to constituents and possible treat- 
ment. In contrast to this approach, the 
writer was recently associated with 


the problem of wastes disposal for two 
sizable projects, which were being de- 
signed on the basis of process-pilot- 
plant operating results for most of the 


processes. In some cases, pilot-plant 
wastes had been sampled and quite 
thoroughly studied as to treatment pos- 
sibilities. 

In one particular case, however, 
rights had been obtained to use a 
foreign process, on which little in- 
formation was available as to the na- 
ture of the wastes. Samples of the 
wastes were obtained, however, by over- 
seas air mail and tested in the research 
laboratory. Test results were quite dif- 
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ferent from those anticipated. The 
projecting of pilot-plant waste treat- 
ment studies into full-scale plant de- 
sign must be approached with much 
care and judgment. 

The value of careful sampling, where 
possible, and intensive study of wastes, 
is shown in Mr. Burdoin’s paper. It 
was from such further study that the 
plant originally recommended by Met- 
calf and Eddy for chlorinating rinse 
waters to destroy cyanide was found 
to be unnecessary. 

The standards set up by the Con- 
necticut State Water Commission for 
the quality of wastes from this in- 
dustry, particularly for cyanide, ap- 
pear to be well-keyed to river require- 
ments and recognize the value of river 
dilution. 

In contrast to their allowance of 2 
p.p.m. cyanides in the effluent dis- 
charged to the Connecticut River, 
American Cyanamid proposes to re- 
duce cyanide to zero in the effluent from 
its Fortier plant, now under construc- 
tion at Avondale, La. The effluent 
will be discharged into the Mississippi 
River about 11 mi. above New Orleans 
at a point where dilution at minimum 
stage would be 3,300 to 1. In spite 
of this large dilution and two big bends 
in the river, which should give good 
mixing between the point of discharge 
and the main city water intake, it was 
felt, particularly by the city water sup- 
ply authorities, that no value should be 
allowed for this possible dilution. 

The development, pilot-plant 
studies and flow sheets, of waste treat- 
ment procedures for the Fortier plant 
demonstrates one advantage of such 
studies over those of existing plants. 
In early studies, it was found that 
cyanide concentration in the pilot- 
plant wastes was approximately 1,700 
p.p.m. Certain changes in pilot-plant 
operating procedure reduced this con- 
centration to approximately 200 p.p.m. 
After studying the various methods 
available for cyanide destruction, it 
seemed apparent that the most eco- 
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nomical procedure would be a combi- 
nation of steam stripping to a low con- 
centration of a few parts per million 
and destruction of the remainder by 
alkaline chlorination. Further study 
indicated that the stripping operation 
could be done more economically as a 
part of process, instead of separately 
as effluent treatment. Capital invest- 
ment was somewhat increased for the 
process, but an over-all reduction of 
several thousand dollars indi- 
Here is a case where a change 
in production procedure was justified. 

It was interesting to note that in 
the Pratt and Whitney treatment plant 
all treatment was on a batch basis and 
all collection was by batches, except 
for the soluble oil, which has averaged 
over 6,000 g.p.d. Other wastes were 
in the order of 60 to 400 g.p.d. Here 
is a wide spread in the volumes and 
there could be little question as to the 
economics of the method of collection 
and treatment, but it is foreseeable that 
in some situations a careful economic 
study would be necessary to decide be- 
tween batch and continuous handling. 

Batch treatment, particularly of 
toxic wastes, certainly has the ad- 
vantage of being able to treat, test, 
and give additional treatment, if neces- 
sary, but for large flows may be quite 
costly because of the necessary dupli- 
cate tankage required. 

Even when wastes are conveyed by 
pipe line but discharged intermittently 
at high rates, as from the dumping of 
tanks or baths, storage either at the 
source or at the treatment plant is 
desirable to avoid large fluctuations in 
flow and concentration. 


cated. 


At present, studies are being made 
on the biological treatment of a certain 
waste. This waste appears to be amen- 
able to such treatment, but present 
data indicate that large variations in 
concentration are undesirable. It is 
being recommended, therefore, that 
high-rate, periodic discharge of high 
concentration wastes be to a storage 
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tank, from which there may be recov- 
ery or a slow bleed-off to the treatment 
plant. This procedure also permits the 
use of smaller mainline sewers. 

Mr. Burdoin’s experience in finding 
CN in treated wastes having a chlora- 
mine residual of 100 p.p.m. seems to 
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refute a previous statement by others 
in the literature that free cyanide and 
chlorine cannot exist together. 

It appears that there is a need to 
learn more from experiences such as 
Mr. Burdoin’s about the limiting fac- 
tors of cyanide destruction. 


STATUS OF MICHIGAN WATER RESOURCES PROGRAM 


In its recently issued ‘‘Combined 
Second and Third Annual Reports,’’ 
covering the two years ended June 30, 
1952, the Michigan Water Resources 
Commission gives summary data on 
the status of pollution abatement ac- 
tivities in that state. The summary 
data actually cover the period from 
July, 1949, to October, 1952. 

During that period 17 sewage proj- 
ects were completed, of which 9 in- 
volved new plants and 8 involved ad- 
ditions or improvements. Of the 20 
projects under construction, 11 were 
new plants and 9 were additions and 
improvements. Abatement orders out- 
standing included 10 new plants and 
4 additions or improvements, or a to- 
tal of 14. Projects have been ordered 
and abatement scheduled as follows: 


Control adequate 


In addition, 27 projects have been com- 
pleted or are under construction at 
state institutions and state parks or 
recreation areas, including 11 new 
treatment plants and 16 additions or 
improvements. 

Industrial waste projects completed 
during the same period totaled 75, of 
which 46 were new plants, 2 were re- 
placements, and 27 were additions or 
improvements. Of the 30 projects un- 
der construction, 18 were new plants, 
1 was a replacement, and 11 were ad- 
ditions or improvements. In addition, 
4 abatement orders were outstanding 
and a total of 11 other projects had 
been ordered with abatement pending. 

Comparative data, by years, for in- 
dustrial waste problems in Michigan 
were presented as follows: 

No. of Locations 
1949 1951 
108 184 119 


Control provided, adequacy undetermined 60 76 91 
Control facilities provided, protection found unreliable 13 11 
Municipal treatment facilities utilized—industrial overload ‘ 13 
Studies, plans, or construction under way aM 65 
Existing control inadequate or incomplete 29 35 


No control 
Need for control undetermined 


Total 


50 
15 
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Naval stores are produced by the re- 
finine of oleoresinous materials from 
pine wood and may be divided into two 
broad classes: (a) gum naval stores, 
obtained by simple steam distillation of 
the exudate from living pine trees, and 
(b) wood naval stores, obtained from 
dead pine wood and stumps. Wood 
naval stores are further divided into 
three categories: (a) destructively dis- 
tilled wood naval stores, (b) sulfate 
wood naval stores, and (c) steam-dis- 
tilled wood naval stores. 

The basic products of the gum 
branch are gum spirits of turpentine 
and gum rosin. Destructive distilla- 
tion of pine wood yields turpentine, 
pine oil, pine tar, and a charcoal resi- 
due. The refining of the volatile oils 
recovered from the digestion of pine 
wood by the sulfate paper manufactur- 
ing process results in sulfate wood 
turpentine. This process produces no 
rosin, but acidification of the diges- 
tion liquors yields a liquid rosin, known 
as tall oil, which is a mixture of resin 
acids and fatty acids. Steam-distilled 
wood naval stores are produced by 
steam-and-solvent extraction of shred- 
ded pine stumps. The resulting prod- 
ucts are steam-distilled wood turpen- 
tine, pine oil, dipentene, and rosin. 
Further refining of the basic products 
obtained by all four methods will yield 
additional, more valuable commodities. 

The volume and pollutional char- 
acteristics of the liquid wastes associ- 
ated with the naval stores industry 
vary with the method of production. 
By far the most voluminous and vari- 
able are those resulting from the steam- 
and-solvent extraction This 


process. 
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By Hayse H. Buack AND Viraw. A. 


Chief and Senior Assistant Sanitary Engineer, respectively, Industrial Wastes Section, 
Environmental Health Center, U.S.P.H.S., Cincinnati, Ohio 


guide is primarily concerned with the 
wastes resulting from this phase of the 
wood naval stores branch. 

In 1951 a total of 2,500,000 tons of 
pine stumps were processed, which re- 
sulted in reported production as fol- 
lows: 


Steam-distilled wood rosin 

Steam-distilled wood 
turpentine 

Pine oil 

Dipentene 

Other monocyclic hydro- 
carbons 


1,399,410 drums! 


237,080 bbl.? 
8,659,000 gal. 
2,232,000 gal. 


2,527,000 gal. 

1520 Ib. net weight each. 

250 gal. each. 

Steam-distilled wood naval stores are 
manufactured at 14 plants in five Gulf 
Coast states. Mississippi has six opera- 
ting plants and Louisiana four. Produe- 
tion from these two states, however, is 
nearly equal. Two plants are located 
in Alabama and one each in Florida 
and Georgia. Construction of another 
plant in Alabama and one or more in 
the Pacifie Northwest is planned for 
the near future. 

Liquid wastes from the existing 14 
wood naval stores plants are estimated 
to have a population equivalent of 
800,000 based on 5-day B.O.D. 


Manufacturing Processes 

The primary process for extracting 
and refining pine products from pine 
stumps is basically the same in all 
plants. In contrast with the gum 
branch of the industry, the wood plants 
operate continuously, 24 hr. per day, 
rather than seasonally. The capacities 
of the wood plants range from 200 to 
1,000 tons of stumps processed per day. 
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The principal raw materials are the 
stumps and deadwood of two species of 
southern pine—longleaf vellow (Pinus 
palustris Miller) and slash (Pinus cari- 
baea Morelet )—which were left in the 
ground from prior lumbering opera- 
tions. The wood structure is largely 
heartwood with comparatively thin 
sapwood. The heartwood is saturated 
with terpenes and resins that make it 
almost impervious to attack by insects, 
fungi, or rot. Stumps that have been 
in or on the ground 10 to 15 years or 
more are preferred, as they are easier 
to reduce to proper size for extraction. 
The average composition of seasoned 
pine stumps includes 22 per cent mois- 
ture, 5 per cent volatile oils, 22 per 
cent rosin, and 51 per cent ligneous 
and cellulose materials. 

Pine stumps are dislodged from the 
ground by pushdozers or dynamite and 
delivered to the plant by truck or rail. 
A sufficient supply of stumps to last 
six months to one year is stockpiled for 
use when field activities are halted due 
to unfavorable weather. 

Chain conveyors move the stumps to 
a washer, where dirt, sand, and loose or 
rotted wood are removed. The volume 
of wash water used and the efficacy of 
washing differ with the plants. This 
procedure varies from a mild water 
spray to violent agitation and spray in 
a tumbler barrel. Washer waste water 
is passed through coarse screens for 
recovery of large wood fibers before 
being discharged. A few plants re- 
cycle this water after screening and 
settling. Stump washing activities are 
normally confined to 16 hr. out of 24. 

The clean stumps are fed directly to 
vrinding equipment consisting of hogs 
and shredders, which deliver wood 
chips to 144-in. in length and 
to l,-in. diameter. This size is 
considered optimum, allowing the max- 
imum rate of extraction with a mini- 
mum difficulty in handling. The chips 
are conveyed to fresh chip storage to 
await processing. 

Fresh chips from storage are moved 
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by belt conveyors to the extractors, 
which are large pressure vessels hold- 
ing from 5 to 15 tons of chips. All 
plants are equipped with from 10 to 
20 of these extractors, although at any 
one time only 7 to 10 are in the ex- 
traction phase. Different extraction 
solvents can be used. Twelve of the 14 
plants use a narrow-range petroleum 
fraction (200°-240° F. naphtha) and 
two use coal-tar hydrocarbons—largely 
benzene. 

At a temperature ranging between 
260° and 300° F., the solvent is 
pumped into the bottom of the first 
extractor, from the top of this to the 
bottom of the second, proceeding thus 
through the cyele. Extractor pressures 
range from 65 to 100 p.s.i. gage. Sol- 
vent is pumped through the cycle until 
10,000 to 20,000 gal. have passed 
through the last extractor. At this 
time the first extractor is cut out of 
the cycle and a fresh one added. The 
spent extractor is steamed for the re- 
covery of solvent and oils. In this 
system the fresh solvent is introduced 
into the extractor containing the most 
exhausted chips and the loaded solvent 
is passed through the freshest chips. 
The spent chips are removed manually 
and pass to spent chip storage until 
needed for fuel to produce steam for 
process use and electric power genera- 
tion. 

The crude solution of rosin, solvent, 
and terpene oils, known as ‘‘drop solu- 
tion,’’ is pumped to storage tanks to 
await refining. A small amount of 
water separates from the oils in these 
tanks and is wasted. 

The drop solution can be processed 
by various methods, all resulting in the 
same end-products. In the arrange- 
ment used most often, the crude solu- 
tion is pumped to wash tanks where 
water sprays directed into the solution 
from the top of the tanks wash out 
color bodies. From the base of the wash 
tanks a heavy dark resin, known as 
‘“nigre,’’ is periodically drawn off. 
The water used in washing the crude 
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FIGURE 1.—Flow diagram for wood naval stores plant using naphtha solvent extraction 
primary process. 


solution is released continuously from 
the base of the tanks. The remaining 
solution is passed to evaporators where 
the solvent is removed and returned to 
storage tanks for re-use. A system of 
successive equilibrium distillations re- 
moves the terpene oils, leaving a mar- 
ketable residue known as FF wood 
rosin. The terpene oils are charged 
to batch stills where the oils are frac- 
tionated into turpentine, pine oil, 
dipentene, and other terpene special- 
ties. Figure 1 is a simplified flow dia- 
gram showing the primary operations 
and liquid wastes of a wood naval 
stores plant. 

An alternate procedure, used at some 


plants, is to separate the oils from the 
drop solution before removing the 
nigre from the rosin. 

When benzene is used as the extrac- 
tion solvent, the crude solution yield 
is greater, at a sacrifice in color, and is 
subsequently refined in a_ different 
manner than that already described. 
From the drop tanks, the crude solu- 
tion is pumped to a stillhouse be 
separated in fractionating columns 
into three fractions: recovered solvent, 
crude oils, and erude rosin. The sol- 
vent is returned to the system and the 
erude oils are refined by fractional 
distillation into the desired cuts. 


The crude rosin, free from oils, is 
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further treated, while hot, with gaso- 
line and furfuraldehyde to remove the 
color bodies. The rosin is recovered 
from solution by suitable evaporators. 
This method results in a_ pale-grade 
rosin, which is more valuable than FF 
wood rosin, and a dark residue com- 
parable to the nigre from the naphtha 
extraction system. 

Secondary rosin refining units to 
produce more valuable resins are in 
operation at a few of the plants. These 
processes include pale-grade rosin re- 
fining, polymerization, disproportiona- 
tion, hydrogenation, isomerization, syn- 
thesization, and manufacture of metal- 
lie resinates. Secondary refining is 
conducted at a majority of the plants, 
but in most cases on a limited scale. 

In pale-grade rosin refining, FF 
wood rosin in naphtha solution is 
pumped to adsorption towers where 
color reduction is accomplished by ad- 
sorption on magnesium trisilicate. The 
volume moved through the towers de- 
pends on the color grade of the rosin 
desired. 

The pale rosin solution is passed to 
evaporators where the naphtha is re- 
covered. The rosin, containing small 
quantities of terpene oils, moves to a 
fractionator where the oils are recov- 
ered. 

As a by-product of pale rosin re- 
fining, a rosin containing the color 
bodies is removed from the magnesium 
trisilicate by washing with alcohol. 
The alcohol-rosin solution is passed to 
evaporators where the alcohol is re- 
covered. The dark rosin is fraction- 
ated for recovery of oils and the result- 
ing residue is marketed as B wood 
rosin. 

Polymerized rosin is produced by 
treating refined rosin with sulfuric 
acid, in benzene solution, under con- 
trolled conditions of temperature, con- 
centration, and contact. Under these 


conditions, about one-third of the rosin 
acids present unite to form polymers. 
The resulting resin is superior to the 
rosin from which it was made. 
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Disproportionated (dehydrogenated ) 
rosin is the resulting product from the 
heating of refined rosin in the presence 
of a catalyst. This reaction changes 
abietic acid to the dihydroabietic, tetra- 
hydroabietic, and dehydroabietic forms, 
and is generally referred to as dehydro- 
genation. This rosin is normally made 
into soap or paper size by mixing with 
an alkali in batch kettles. 

Hydrogenated rosin is produced by 
treating refined rosin with hydrogen 
in the presence of a catalyst under 
high pressure. The resulting product 
is a glass-clear, pale-yellow resin very 
resistant to oxidation. 

In the isomerization process, liquid 
pine oil is treated with solid NaOH and 
the NaOH is subsequently removed by 
a series of washes. 

Synthetic resins are manufactured 
by reacting refined rosins with various 
chemicals and compounds. The resins 
are made in heated kettles by reacting 
the rosins with glycerin, mono-, di-, 
and triethylene glycol, ammonia, penta- 
erythritol, maleic anhydride, hydrogen, 
acetic acid, or other materials singly 
and in combination. 

Metallic resinates are produced by 
reacting rosin with those metals which 
give soaps or salts that are water- 
insoluble. Limed rosin, zine-treated 
rosin, and the resinates of lead, copper, 
cobalt, and manganese, are of the 
greatest industrial importance. 


Raw Materials and Products 
Raw Materials 


Raw materials needed for the pri- 
mary processing of one ton of pine 
stumps are approximately as follows: 


Pine stumps 1 ton 


Extraction solvent 100 to 600 gal.! 
Water 2,000 to 5,000 gal. 


1 Re-used solvent; actual solvent loss ranges 
from 0.1 to 2.0 gal. per ton of chips. 


Raw materials used in secondary re- 
fining are the rosins and oils from 
primary refining, plus chemicals, com- 
pounds, and process water. 
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Products 


Yields of finished products are diffi- 
cult to report because of the wide vari- | 
ations in types of products manufac- ike 
tured and the processes employed. The | ee | 


| 


Equivalent! 2 


auazuay 
yield also depends, to a great extent, 
on the rosin content of the wood proc- 
essed, which varies with the locality 
from which the stumps were gathered. 
One ton of chips will usually yield 350 
to 400 lb. of FF wood rosin and 85 Ib. 
of terpene oils. The terpene oils aver- 
age, by weight, 57 per cent turpentine, 
36 per cent pine oil, and 7 per cent 
dipentene. On a volume basis, this is 
equivalent to 7 gal. of turpentine, 4 gal. 
of pine oil, and 1 gal. of dipentene per 
ton of chips processed. 

In addition to refined rosins and oils, 
a few by-products are recovered and 
marketed. Dark, low-grade resins are 
sold for use in making foundry cores 
and in road building. Oil residues, 
known as ‘‘foots,’’ ean be used as dis- 
infectants and cord preservatives. 
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Volume and Character of Wastes 


Primary Process Wastes 


Liquid wastes from the manufacture ili 
of steam-distilled wood naval stores 
vary in volume and characteristics, de- 
pending upon the processes employed 
and the deviations and modifications 
used at the different plants. Con- 
dition and efficiency of mechanical 
equipment also influence the character 
and volume of process wastes. 

Values considered to be representa- 
tive of the volume and characteristics 
of these wastes are presented in Table 
I. Discussions of each of the wastes 
are presented in subsequent para- : 
graphs. 

1. Stump Wash Water—Stump wash 
waste comprises the water used in wash- 
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Representative Values of Character and Volume of Primary Process Naval Stores Manufacturing Wastes 


TABLE I 


ing the pine stumps prior to grinding 
and extraction. It contains large quan- 
tities of dirt, sand, and wood particles 
washed from the stumps. The char- 
acteristics of the waste depend upon 
the volume and force of the wash water 


-hyde recovery 


Waste Source 


Primary Process 
1 Per ton of stumps. 


Furfuralk 


= April, 1953 
3 
-so7 | 
RRS | | 
= =) : 
+ 
| 
| 
AS | 
| 
| 
= 
| 
aaa 
Tons 
teas 
666 
S| : 
N 
: Soyo 
~ | 
| 
NAS 
< = 
Sooo 
= 
| 
| 
4 
| 
| LRES 


Vol. 25, No. 4 


used, and also upon the agitation the 
stumps receive during hauling and 
washing. B.O.D. values and suspended 
solids concentrations vary consider- 
ably. Caution must be taken in using 
B.O.D. values for this waste, as it con- 
tains wood fibers that are not easily 
broken down by microbiological action. 
In addition, this waste contains tan- 
nins, in solution, which are powerful 
reducing agents. All tannins are poly- 
hydroxylic phenols and have bacteri- 
cidal properties that not only affect 
the B.O.D. determinations, but also the 
biology of the receiving stream. Stump 
wash water 5-day B.O.D. can be ex- 
pected to vary between 50 and 1,500 
p.p.m. The volume of wash water at 
different plants ranges from 350 to 
3,500 gal. per ton of stumps. 

2. Drop Solution Wash Water—The 
drop solution wash water consists of 
wash water resulting from the washing 
of the crude rosin-oil-solvent solution 
prior to refining. It contains finely 
divided rosin (nigre), terpene oils, and 
solvent in suspension. The concentra- 
tion of the waste depends upon the vol- 
ume of water used in washing. Large 
volumes of water will give a dilute 
waste, but the total pollutional load 
will be increased. Suspended solids 
concentration of daily composites may 
vary as much as 100 per cent from the 
average. When benzene solvent is used 
as the extraction liquid, the drop solu- 
tion is not washed before refining, but 
a small quantity of water separates 
from the solution in the drop tanks. 
The volume of this waste, however, is 
insignificant. Drop solution wash 
water at one plant accounted for 20 
per cent of the total plant 5-day B.O.D. 

3. Solvent Recovery Waste Water— 
Liquid waste from the solvent recovery 


system consists of condenser water 


from low-pressure evaporators. It may 


entrained solvent and 
B.O.D. concentrations vary with 
the amount of water separated, values 
of from 500 to 2,500 p.p.m. having 
been reported for this waste. 


contain 
oils. 


some 
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4. Oil Recovery Waste Water—Oil 
recovery waste water consists of con- 
denser water from fractional distilla- 
tion units, and contains entrained 
terpene oils that are recovered when 
market conditions are favorable. 
B.O.D. values at one plant averaged 
1,370 p.p.m. without oil recovery, and 
490 p.p.m. with oil recovery. The 
volume of this waste may vary from 
250 to 1,200 gal. per ton of stumps 
processed. 

5. Furfuraldehyde Recovery Waste 
Water—F urfuraldehyde is used in con- 
junction with the benzene extraction 
system as a selective solvent to remove 
color bodies from refined rosin. This 
waste contains entrained oils that can 
be recovered. Furfural is also pres- 
ent, but in concentrations of less than 
10 p.p.m. B.O.D. values average 10,- 
000 p.p.m. without oil recovery, and 
3,000 p.p.m. with recovery. 


Secondary Process Wastes 


Secondary refining processes are 
presently carried out at only a few of 
the naval stores plants. All secondary 
refining units use as basie¢ raw ma- 
terials the rosins and oils obtained from 
primary processing. The wastes from 
these units are discussed in the fol- 
lowing paragraphs. Representative 
values of character and volume of sec- 
ondary process wastes are presented in 
Table II. 

1. Polymerization Process—Two 
wastes are associated with the poly- 
merization process: condenser water 
from sulfuric acid concentrators, and 
condenser water from solvent recovery 
evaporators. The acid concentrator 
waste has insignificant pollutional char- 
acteristics and is objectionable only be- 
cause of the low pH, which remains 
about 3.0. Liquid waste from the sol- 
vent recovery unit contains entrained 
solvent, acid, and rosin oils. B.O.D. 
values range from 25 to 150 p.p.m. 
The pH varies from 1.5 to 3.5. 

2. Disproportionation ( Dehydrogena- 
tion) Process—The major wastes from 
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the disproportionation process are bar- 
ometric condenser water from a vac- 
uum system on the rosin distillation 
unit, and alkaline wash water from 
batch kettles. Both wastes contain 
finely-divided rosin suspension. 
B.O.D. values average 38,000 p.p.m. 
for the wash water and 260 p.p.m. for 
the condenser water. The volume of 
waste water discharged will vary with 
the type of soap or size produced. 

3. Hydrogenation Process—The liq- 
uid waste from the hydrogenation unit 
consists almost entirely of rosin oils. 
The volume of waste averages 1 gal. 
per 1,000 lb. of hydrogenated rosin pro- 
duced. B.O.D. values average 382,000 
p.p.m., suspended solids 26,500 p.p.m., 
and ether-extractable materials 467,000 
p.p.m. 

4. Isomerization Process—Wastes 
from the isomerization unit comprise 
the water used in washing pine oil 
after treatment with hot caustic. 


B.0O.D. values average 20,000 p.p.m. 
for the first wash and 10,000 p.p.m. for 


the second wash water. The volume of 
waste water averages 400 gal. for 
each wash. 

5. Synthesization Process—Waste wa- 
ter from synthetic resin manufacture 
includes quench water and condenser 
water. Wastes from this process vary 
considerably in volume and charaec- 
teristics, due to the numerous types of 
resins manufactured. B.O.D. values 
range from 130 to 700 p.p.m. 

6. Pale-Grade Rosin Refining Proc- 
ess—Liquid wastes from  pale-grade 
rosin refining consist of condenser wa- 
ter vertical-tube evaporators. 
Two wastes are associated with this 
process: solvent recovery waste water, 
and alcohol recovery waste water. 
B.0O.D. values from the solvent recov- 
ery units ranged from 50 to 5,000 
p.p.m., and from the alcohol recovery 
units from 300 to 5,000 p.p.m. 

7. Metallic Resinate Manufacturing 
Process—Information concerning the 
wastes from the metallic resinate 
manufacturing process was available 


NAVAL STORES 


WASTE GUIDE 469 
from only one plant. Two wastes are 
present and originate from quench 
tanks and finishing stills. The com- 
bined waste flow amounts to only 12.5 
g.p.m., but is objectionable because of 
a high free-acid content and high con- 
centrations of toxic metallic ions. 

8. Miscellaneous Wastes—Other 
wastes of comparatively minor nature 
are those from washing tank ears, 
equipment, and floors. Laboratory and 
pilot-plant wastes also contribute to the 
total pollutional load. Tank car wash 
water normally contributes very little 
pollutional material, but on rare oc- 
casions may contribute as much as 10 
per cent of the daily B.O.D. load of 
the plant. 


Combined Wastes 


Typical values for combined waste 
effluents both from a primary proces- 
sing plant and from a primary and 
secondary processing plant are pre- 
sented in Table IIT. 


Pollutional Effects 


Liquid wastes from the manufacture 
of steam-distilled wood naval stores 
exert a deoxygenating effect on the 
receiving streams. In addition, the 
large quantities of suspended solids 
discharged cause sludge banks in the 
streams, which continuously reduce the 
dissolved oxygen. Wide variations in 
pH, together with the characteristic 
antiseptic qualities of these wastes, in- 
hibit normal biological activity and 
may destroy aquatic life. Floating oil 
reduces reaeration and imparts a per- 
sistent turpentine taste and odor to 
the streams, which may be detrimental 
to their subsequent use. 


Remedial Measures 


Treatment of naval stores wastes has 
not been practiced by the industry, and 
very little is known concerning the ef- 
fectiveness of physical, chemical, or 
biological treatment methods. Con- 
certed effort is being made to solve the 
waste problems within the plant 
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105 


500 


Primary 


Primary and secondary 


18 


6.3-11.4 


425 


Based on 0.167 Ib. 5-day B.O.D. per capita per day. 


1 Per ton of stumps. 
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A few 
remedial measures have been proposed, 
including elimination, by-product. re- 


through changes in process. 


covery, equalization of flow, recireula- 
tion and re-use, and waste treatment 
where necessary. 


Elimination 


logical procedure for reducing 
stream pollution is to eliminate offen- 
sive waste wherever possible. Certain 
low-volume, high-concentration wastes 
can be disposed of by methods other 
than to receiving streams. In one in- 
stance, hydrogenation process waste, 
which was composed almost entirely of 
volatile oils, was disposed of by incin- 
eration rather than with the liquid 
wastes. Other wastes that can be elimi- 
nated from the plant sewers are small 
volumes of oil and resins remaining in 
returned tank cars. These volatile ma- 
terials can be recovered for resale or 
disposed of by other methods. 


By-Product Recove ry 


Reeovery of by-products may be con- 
ducted for either of two reasons: (a 
for the marketable products recovered, 
or (b) to eliminate pollution caused by 
their discharge into streams. At pres- 
ent, recovery is carried out by the in- 
dustry only for the profit to be derived 
from their sale. An example can be 
cited where terpin hydrate, a by-prod- 
net from crude oil refining, is recov- 
ered by one plant, only when the mar- 
ket is favorable. The B.O.D. of the 
waste carrying this product is reduced 
60 to 65 per cent when the terpin 
hydrate is recovered. From the stand- 
point of stream improvement, it is de- 
sirable that this compound always be 
removed from the waste. 


Equalization of Flow 


Equalization of flow can best be ear- 
ried out by lagooning where space is 
available. A two-fold benefit can be 
realized by lagooning naval stores 
allowing settleable solids 
to aceumulate, and eliminating 
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low-volume, high-concentration wastes 
from the receiving streams. The tend- 
ency is to give an effluent with a rela- 
tively uniform concentration. Results 
of pH determinations on samples of the 
main effluent from one plant without 
storage showed variations in pH from 
3.7 to 11.4. 

A 90 per cent reduction in suspended 
solids was obtained in one instance by 
passing stump washer effluent through 
a settling basin having a detention pe- 
riod of less than 30 min. 


Recirculation and Re-Use 


Recirculation and re-use holds con- 
siderable promise as an economical 
means of alleviating some of the prob- 
lems of naval stores wastes. Relatively 
clean condenser waters and wash wa- 
ters may be re-used where they will not 
deleteriously affect process. Because 
most plants differ in process, the most 
effective re-use of waste waters is an 
individual plant problem. Aeration of 
process wastes before re-use has little 
or no effect on B.O.D. concentrations, 
but does exert a desirable cooling effect. 

No data are available as to the total 
possible reduction in waste load that 
can be obtained by the various meth- 
ods proposed and, even though the re- 
duction must be considerable, there 
will remain some waste requiring addi- 
tional treatment, except where there is 
an abundance of dilution. 


Waste Treatment 


Treatment of wood naval stores 
wastes has been studied by Pyburn 
and Odom (21). This research, re- 
cently conducted for and in co-opera- 
tion with the Oakdale, La., plant of 
Newport Industries, Inc., has shown 
that certain of these process wastes are 
amenable to biological oxidation on 
high-capacity filters. Extended pilot 
filter operation has demonstrated con- 
sistent results and a treated waste ac- 
ceptable for discharge to Caleasieu 
River. 

The Oakdale plant produces rosin, 
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pine oil, turpentine, dipentene, zine 
resinates, and other terpene chemicals. 
Other specialty products may be manu- 
factured at this plant when conditions 
warrant. Wastes treated by the pilot 
plant originated from the primary 
process, with the stump wash waste ex- 
cluded. 

The first step in the waste treatment 
program was the segregation of process 
wastes, which required a major re- 
vision of the existing sewer system. 
Two metal, gravity, oil-water sepa- 
rators were installed in the sewer col- 
lection system near the waste sources. 
These separators were intended to pro- 
vide prompt solvent recovery, thereby 
reducing the time of contact of the 
products with waste water. In addi- 
tion, two concrete-box pitch traps were 
provided to prevent clogging of sewers 
and the filter. The pitch traps were 
designed to permit withdrawal of 
heavy pitch from the bottom and 
lighter materials from the top, with 
separated water in continuous flow 
from the intermediate level. An ex- 
isting gravity oil-water separator, lo- 
cated just upstream from the plant 
outfall, was used as a flow equali- 
zation tank and as an added safeguard 
against discharge of oils, solvents, and 
terpene products originating from in- 
advertent spills. An 18-hr. theoretical 
detention period, at the design flow of 
90 g.p.m., is provided by the separator. 
Provision was also made to combine 
septic tank effluent with the wastes 
treated by the trickling filter as a 
means of providing continuous seeding. 

The segregation of wastes resulted in 
four classifications, as follows: 


1. Stump wash. 

2. Nuroz unit. 

3. Primary process and storage tank. 
4. Miscellaneous. 


Separate treatment was provided for 
the first three. 


1. Stump Wash Waste—Stumps are 
washed on a two-shift. 16-hr. per day 
basis. Liquid wastes from this process 
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amount to about 250 g.p.m., or 480 gal. 
per ton of stumps. The waste is cur- 
rently being discharged to a sand pit 
where some filtration and sedimenta- 
tion takes place. The effluent from this 
pit normally has a 5-day B.O.D. less 
than 35 p.p.m. and averages 1,600 
p.p.m. suspended solids. 

Plans for improved treatment of 
stump wash waste were prepared by 
engineering personnel of Newport In- 
dustries, Inc. It is proposed to treat 
the waste by screening, coagulation, 
sedimentation, and re-use in a closed 
system. Coagulation, with lime, and 
sedimentation will take place in a 
clarifier equipped for mechanical col- 
lection and removal of sludge. It is 
planned to further dewater the sludge 
in settling ponds, with final disposal of 
sludge as fill in swampy areas near the 
plant. Make-up water will be added 
to replace that withdrawn with the 
sludge from the clarifier and to dilute 
out dissolved solids if necessary for 
satisfactory operation. 

2. Nuroz Unit Waste—The Nuroz 
unit, which is a secondary process, pro- 
duces a high-grade resin and resin 
products by a patented process using 
zine chloride as a catalyst. Process 
wastes include a wash water containing 
free acid and a still waste high in 
zine chloride. These wastes combined 
amounted to 12.5 g.p.m., with a zine 
chloride concentration of 1.5 to 2.0 per 
cent. 

Treatment of the Nuroz waste has 
been in effect for some time and con- 
sists of concentration by submerged 
combustion using an Ozark-Mahoning 
burner. This system of evaporation de- 
velops a thick jell, which can be la- 
eooned. 

3. Primary Process and Storage Tank 
Wastes—Primary process and storage 
tank wastes originate from the extrac- 
tion, separation, and refining of crude 
terpene oils and rosin. These wastes 
were particularly significant in that 95 
per cent of the total plant 5-day B.O.D. 
was contained in this flow of 105,000 


g.p.d. It was this portion of the proc- 
ess waste that was treated on the bio- 
logical filter pilot plant. Septie tank 
effluent was added as a means of pro- 
viding continuous seeding to the wastes 
applied to the filter. This partially 
treated sanitary sewage represented 
4.3 per cent of the volume of the waste 
to be treated by the filter. The com- 
bined waste had an average 5-day 
B.O.D. of 4,500 p.p.m., negligible sus- 
pended solids, and a pH of 4.5. 

Miscellaneous Wastes—The miscel- 
laneous group of wastes was composed 
of those resulting from plant service. 
They included such wastes as boiler 
blowdown, water treatment plant 
sludge, and septic tank effluent. With 
the exception of septic tank effluent, the 
miscellaneous wastes were discharged 
without treatment. 


Pilot-Plant Studies 


The pilot plant was placed in opera- 
tion in December, 1950. It has been 
operating since that time at various 
B.O.D. loadings, hydraulie loadings, 
and recirculation rates. The revised 
waste collection system, including pitch 
traps and oil-water separators, was 
completed prior to this date. Conse- 
quently, a representative waste was 
supplied to the filter. 


Pilot-Plant Design 


The pilot filter was 16 ft. in diameter 
and 6 ft. deep. Construction consisted 
of a wooden shell set on a 5-in. con- 
crete slab. Blast furnace slag, %4-in. to 
5-in. diameter, was used as the filter 
medium. Distribution of the waste on 
the filter was accomplished by means 
of a bronze spindle with a flared head 
‘*floating’’ in a vertical length of 114- 
in. pipe. Slanting grooves cut in the 
flared head of the spindle caused the 
spindle to rotate while discharging. 

The humus tank was 3 ft. in diameter, 
with an operating water depth of ap- 
proximately 3.5 ft. The recirculation 
pump took suction from this tank, thus 
returning some sloughed solids to the 


Vol. 


filter influent. In addition to providing 
acclimated seed for the filter, this sys- 
tem reduced the necessary capacity of 
the final clarifier. 


Results 


The studies indicated that an 83 per 
cent B.O.D. removal could be consist- 
ently obtained with a B.O.D. loading of 
8.500 Ib. per acre-foot per day. This 
was accomplished with an applied rate 
of 6.5 m.g.a.d. and a recirculation rate 
of 19 to 1. The maximum anticipated 
loading for design purposes was 10,000 
lb. of B.O.D. per acre-foot per day. 

The pilot filter was operated for a 10- 
day period at a B.O.D. loading of 28,000 
lb. per acre-foot per day and a recireu- 
lation rate of 9 to 1. Under these con- 
ditions the over-all efficiency was 34 
per cent. The highest B.O.D. loading 
during the period of investigation was 
36,000 Ib. per acre-foot per day. This 
was caused by a ‘‘slug’’ of caustie wash 
waste from tank cleaning. <A 15 per 
cent reduction, without recirculation, 
was obtained from this shock load. 
During the studies the filter effluent 
averaged 765 p.p.m. B.O.D. for the 
loading rate of 8,500 lb. per acre-foot 
per day. This effluent, mixed with the 
raw waste having a concentration of 
4,500 p.p.m. B.O.D., and at the recireu- 
lation rate of 19 to 1, gave an applied 
waste with a B.O.D. of 950 p.p.m. 
The pH of the filter effluent was nor- 
mally very close to 7.0. The rise in 
pH as the wastes passed through the 
filter was attributed to oxidation of 
organic acids. 


Proposed Design 

Based on this research, the final de- 
sign contemplated one filter 150 ft. in 
diameter and 6 ft. deep. The design 
flow was 90 ¢.p.m. of untreated waste 
and a 19 to 1 recirculation rate. The 
final clarifier allowed 1.5-hr. retention 
at the maximum anticipated flow of 
115 g.p.m. and provided an overflow 
rate of 600 g.p.d. per square foot. 
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Summary 


Naval stores are produced by the re- 
fining of oleoresinous materials from 
pine wood. The resulting products are 
rosin, turpentine, and pine oil. Fur- 
ther refining of the basic products 
vields additional commodities. 

Considerable variations in volume 
and pollutional characteristics have 
been noted in certain waste components 
at different plants. The mechanical 
condition and skill in operation of re- 
fining units has a decided effect upon 
the characteristics of the resulting 
wastes. 

Reduction or treatment of naval 
stores wastes has generally not been 
practiced by the industry. Recircula- 
tion after screening of stump wash wa- 
ter is practiced in some plants, with a 
noticeable reduction in fresh-water 
usage and waste-water discharge. Pi- 
lot-plant studies of waste treatment by 
trickling filter, conducted by one plant 
in Louisiana, indicate that an 83 per 
cent B.O.D. removal efficiency can be 
consistently obtained by this method. 
A few other remedial measures have 
been proposed, including: elimination, 
by-product recovery, equalization of 
flow, and recirculation and_ re-use. 
Aeration of process wastes at two 
plants in Louisiana indicates little or 
no reduction in B.O.D. 

Efforts are being made to solve the 
waste problems within the plant before 
resorting to waste treatment processes 
and equipment. 
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The Talon, Inc., industrial waste dis- 
posal plant is located on French Creek 
in Meadville, Pa., 40 mi. south of Erie 
and 20 mi. from the Ohio state line. 
French Creek, into which treated 
wastes are discharged, is a_ small 
stream, the banks of which are lined 
with cottages. It is a sportsman’s 
stream, well stocked with fish, and is 
also a tributary of the Allegheny River. 


Sources of Wastes 


The operations at this plant are com- 
posed of metal fabrication of small 
parts for slide fastener manufacture 
and include such unit operations as 
blanking, drawing, swaging, coining, 
and cold rolling and forming of wire. 
Both copper-bearing non-ferrous metal 
and ferrous metals are used in the 
manufacture. 

Naturally, a large metal-fiinishing 
problem exists, including such items as 
annealing, pickling, deburring, enamel- 
ing, lacquer application, and plating. 
Plating and pickling are, of course, the 
source of various objectionable wastes 
composed of the following : 


1. Cyanides from (a) heat treating 
operations, (b) brass plating, (¢) cop- 
per plating, (d) zine plating, and (e) 
cleaning processes prior to plating. 

2. Acids from pickling and cleaning, 
including (a) sulfuric, (b) nitrie, (¢) 
muriatic, (d) acetic, and (e) phos- 
phorie. 

3. Chrome present from (a) sodium 
bichromate used at bright dipping op- 


* Presented at 1952 Annual Meeting, Penn- 
sylvania Sewage and Industrial Wastes Assn. ; 
State College, Pa.; Aug. 27-29, 1952. 
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erations and pickling and an anodizing 
unit soon to be in operation. 

4. Cutting oils present at nearly all 
operations. 

5. Caustics from cleaning and 
enamel stripping operations. 


Methods of Treatment 


At Talon, Ine., some kind of treat- 
ment has been given wastes since 1932, 
when a start was made with batch 
liming of acids with no metals reméval. 
In 1939 a continuous-flow system was 
installed to include chrome and cya- 
nide removal. In 1941 batch treatment 
of cyanides by chlorination was in- 
stalled, and in 1948 the present plant 
was placed in operation. It worked 
unusually well, and no difficulties 
whatsoever were encountered. This 
confirmed the contention that research 
and development, followed by pilot- 
plant operation, are mandatory pre- 
requisites to design and construction 
of any such plant. 

The plant (Figure 1) affords 100 
per cent batch treatment of both acid 
and cyanide wastes, kept segregated 
and treated separately. Only the 
treated and tested effluents are com- 
bined upon discharge. Holding and 
treating capacity for acids is com- 
prised of six wooden tanks of 50,000- 
gal. capacity each. Cyanide is col- 
lected and treated in two tanks of 
30,000-gal. capacity each. However, 
the plant is so designed that the sixth 
acid tank may be quickly switched to 
cyanide treatment, allowing flexibility 
of equipment to meet changes in pro- 
duction demands. Raw materials used 
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FIGURE 1.—General view of metal-finishing wastes treatment plant at Meadville, Pa., 
plant of Talon, Inc. 


TABLE I.--Flow and Sample Analysis Results for Acid Bearing Wastes 


Untreated Wastes 
astes 


Min. 


Flow (g.p.d.) | g99000 | 62,000 78,800 64,300 

Total solids (p.p.m.) 5,652 2,65! 4,090 3,473 
Loss on ignition (p.p.m.) 1,796 | 1,264 22¢) 

Suspended solids (p.p.m.) 139 121 26 
Loss on ignition (p.p.m.) 35 25 29 3 

Dissolved solids (p.p.m.) 5,513 2, 3,969 3,447 
Loss on ignition (p.p.m.) 1,761 q 1,235 2233 

Carbonates, as CaCO, (p.p.m.) 10 

Bicarbonates, as CaCO, (p.p.m.) 25 

Cyanides (p.p.m.) 

Copper (p.p.m.) 

Nickel (p.p.m.) 

Chromium, total (p.p.m.) 
As chromate (p.p.m.) 

Zine (p.p.m.) 

Aluminum (p.p.m.) 

Iron (p.p.m.) 

Chlorides, as Cl (p.p.m.) 

Sulfates, as SO, (p.p.m.) 

Chlorine demand (p.p.m.) 

pH 

CaO to bring pH to 9.0 (p.p.m.) 345 1,364 


Trace 
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for waste treatment are lime, ferrous 
sulfate, and chlorine. 

The lime and ferrous sulfate are pur- 
chased in carload lots and conveyed by 
a vacuum unloader to large storage 
bins, each of two-carload capacity, lo- 
cated on top of the plant. The lift is 
about 60 ft. vertically, the material 
being moved some 700 ft. from the car 
unloading spur. A common delivery 
pipe is used for both ferrous sulfate 
and lime, with proper valving to each 
bin. 

Chlorine is purchased in 150-lb. eyl- 
inders that are mounted in two bat- 
teries of 12 cylinders each, connected 
to separate manifolds leading to the 
chlorinator. Design of the plant is 
such that 1-ton containers of chlorine 
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may be used mstead. Lime is auto- 
matically slaked and made up into 
slurry by means of feeders that main- 
tain a slurry of predetermined concen- 
tration (lime is 10 per cent by weight). 
Ferrous sulfate slurry of 6 per cent 
concentration is likewise made up. 

The slurries are stored in 3,000-gal. 
slurry tanks equipped with agitators, 
recording instruments, and automatic 
shutoff controls cross-connected to the 
chemical feeders. 

The mixed slurries are distributed 
to the tank under treatment through a 
common manifold equipped with 
proper valving and piping to each in- 
dividual tank. Chlorine-bearing wa- 
ter is likewise delivered to the proper 
evanide tank under treatment. 


FIGURE 2.—Electrical pump selector and control panel for treatment tank operation. 
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Waste Volume Controls 

The wastes treated are a composite 
of all the concentrates and rinse water 
from the plant. No drains that might 
contain any toxic chemicals go to 
either sanitary or storm sewers; no at- 
tempt is made to segregate the concen- 
trates from the rinse water. However, 
the flow and use of water for the 
pickling and plating process is rig- 
idly controlled by several means, such 
as (a) orifices in pipes; (b) shift read- 
ing of meters at certain vital opera- 
tions, with corrective action if water 
consumption is out of line; and (c) 
backflow method to 
rinse waters. 


re-use certain 


Plant Operation 
The foregoing assures a somewhat 
constant daily volume of wastes; with- 


out these controls the plant would 


have already exceeded its capacity of 
90,000 g.p.d. of acid waste and 12,000 
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FIGURE 3.—Waste treatment tank layout. 
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g.p.d. of cyanide waste with 8-hr. op- 
eration of the waste disposal plant to 
take care of 24-hr. manufacturing oper- 
ations. 

The plant is operated solely by a 
technician and helper. The technician 
is held 100 per cent responsible for 
operation and control of all vital valves 
and equipment. The waste disposal 
plant is a restricted area to normal 
manufacturing plant personnel. 

Acid waste analysis results for an 
average period are given in Table I. 

Average concentration of the cya- 
nide wastes shows total cyanides 448 
p.p.m., copper 325 p.p.m., and pH 10.5. 
Naturally, the concentrations vary with 
the manufacturing schedule, as do the 
volumes. A complete chemical labora- 
tory is maintained and restricted to 
waste disposal purposes only. 

The wastes are collected in the manu- 
facturing division in 15,000-gal. hold- 
ing tanks by gravity and pumped to 
the waste disposal tank selected to re- 
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. ceive them by centrifugal pumps auto- 
matically controlled by high- and low- 
level probes. When a tank is filled to 

4 working capacity, another probe shuts 
off the pump, and waste is accumu- 
lated in the holding tank until another 
empty tank is selected and energized 
into the pump cireuit by means of a 
complex electrical control panel (one 
for each tank) equipped with various 
colored pilot lights (Figure 2) to tell 
the tank status at a glance. 

After a tank is filled with raw waste 
(Figure 3) the contents are thoroughly 
agitated for 30 min., then a sample is 
taken and chemical demand is deter- 
mined in the laboratory. 


Acid Treatment 


The treatment process for acid is as 
follows (Figure 4) : 

1. Titration of raw acid for FeSO, 
demand. 

2. Add 10 cc. of FeSO, slurry to 
100 ¢.c. of waste. 

3. Titrate sample with 0.1 N solution 
of KMnO, until pink end point persists 
for 10 see. 

4. Add 10 c¢.c. more FeSO, slurry 
and titrate as before with KMNQ,. 

5. Dosage is computed by the for- 
mula : 


Blank — Titre 
0.1 X Blank 
= Gal. FeSO, slurry to add. 


Total Gal. Acid 


This amount is added, the tank is agi- 

tated for 45 min., and again rechecked 
3 for complete chrome reduction. The 
lime demand is next determined by 
placing a 100-¢.c. sample of waste on 
an electric pH meter and titrating with 
lime slurry to the desired pH of 9.5. 
Dosage is computed by the formula: 


Total gallons 


lime slurry titre 


100 
- gallons of lime slurry to add. This 
slurry is added, the waste is agitated 
for 30 min., and again rechecked. At 
present a pIl of 9.5 gives the fastest 
The 


settling and the clearest effluent. 
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cycle time for two acid tanks in parallel 
is: 


Accumulate and collect 24 hr. 
Treat 8 hr. 
Settle and recheck 24 hr. 
Drain 16 hr. 

Total 72 hr. 


The lime and ferrous sulfate slurries 
are delivered to the tank under treat- 
ment by centrifugal pumps. The flow 
is recorded by totalizing recording 
meters. 

It should be emphasized that dual 
pumps are used throughout the entire 
system. This precaution has paid off, 
as the plant has never been shut down 
because of pump failure. 


Cyanide Treatment 


The cyanide waste treatment (Fig- 
ure 5) is naturally somewhat different 
from that of acid. For example, a 
tank can only be filled to 50 per cent 
capacity before treatment; the other 
\0 per cent must be available for 
chlorine-bearing water. No titration 
or test is made for chlorine demand. 
and chlorination, with agitation, is 
started at once. However, a raw sam- 
ple is tested during chlorination for 
free cyanide, total cyanides, copper, 
and pH. The results are recorded for 
state reports. 

In the treatment plant no lime is 
added during chlorination, which is 
continued until an average pH of 4.5 
with 100 to 200 p.p.m. of free chlo- 
rine is reached. This affords complete 
destruction of all cyanides and ecya- 
nates, and is the only method by 
which it has been possible to effect 
complete destruction of all cyanide 
complexes. The excess free chlorine 
is allowed to react with agitation from 
1 to 5 hr., after which the residual 
chlorine is removed by addition of so- 
dium acid bisulfite slurry, using care 
that only enough is added to satisfy 
the chlorine demand. The chlorinated 
waste is then treated with lime slurry 
to raise the pH] and settle out copper 
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and other metals. Lime is added to 
raise the pH to the 9.5 to 9.8 range, 
the mixture is agitated 30 min., and 
then the treated tanks are allowed to 
settle, the remaining cycle being much 
the same as for acid. 


Effluent Release 


After settling and before release the 
treated tanks are again rechecked for 
pH, copper, cyanide, chrome, chlorine, 
and general appearance; if these are 
found to be satisfactory, the effluent is 
released at a maximum rate of 100 
g.p.m. This flow is controlled, regu- 
lated, recorded, and the gallons total- 
ized by means of flow control meters. 
Charts with time of release, gallons, 
and the tank number are filed daily 
for records. At the same time, an 
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automatic sampler collects a composite 
while the tanks are draining. Like- 
wise, a 1-gal. sample is taken manually 
from the tank before release and 
labeled with the batch number, date, 
analysis, and pH, and both samples 
are stored in a cabinet for a 30-day 
period. 

Complete drainage of all effluent 
down to sludge level is accomplished 
through the use of a flexible decant 
rubber hose of 4-in. diameter, that can 
be raised or lowered through a 4-ft. 
range from the catwalk over the tank. 
Sludge is drained by gravity to a re- 
ceiving well in the plant and then 
pumped to a thickening tank for fur- 
ther dewatering, after which it is 
pumped to one of three sludge tanks 
(Figure 6) to await hauling by tank 
truck to the lagoon. 


FIGURE 6.—Sludge holding tanks and concentration tank (foreground). 
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At the ‘Talon plant lagooning is 
found to be more economical than 
vacuum filtration or filtration by other 
methods, although these fields have 
been explored thoroughly. It was 
found that a disposal method would 
still have to be provided for the con- 
centrate remaining. 


Records 

Accurate and complete records are 
kept, from which monthly state reports 
are compiled. These reports also go to 
key personnel of the plant. There are 
18 other daily records that include 
charts from flow meters, chemical feed- 
ers, sludge handling reports, chemical 
inventories, daily analysis sheets, and 
other data. 


The author and Talon, Ine., have 
rendered a real service to industry 
and waste treatment enforcement 
agencies throughout the country by 
their policy of publication and gen- 
erous cooperation on waste matters. 
This is especially true in areas where 
enforcement has not progressed as far 
as in Pennsylvania. 

The contention that research and de- 
velopment, followed by pilot-plant op- 
eration, are necessary prerequisites to 
the design and construction of a treat- 
ment plant is sound. Particularly is 
this true with respect to the newer 
treatment processes, because labora- 
tory data are seldom confirmed in en- 
tirety when applied to plating waste, 
the nature of which varies widely in 
different plants. 

The importance of rigidly control- 
ling the volume of rinse waters, as 
mentioned in the paper, cannot be over- 
emphasized. Too little attention is 
given to this by the plating industry. 
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Miscellaneous 


In addition to the regular schedule, 
research work is constantly being con- 
ducted on new or improved methods 
for waste treatment. On several ov- 
casions the plant facilities and services 
have been loaned to outside concerns 
to study actual operation with their 
product and its efficiency. Much of 
this work has been done at the request 
of the Ohio River Valley Water Sani- 
tation Commission’s Committee on 
Waste Treatment Methods. Work has 
been done on the use of hypochlorite, 
ozone, and chlorine dioxide for cya- 
nide destruction. The results of these 
tests are available at the plant; in some 
cases they would provide a good alter- 
nate standby method if the need should 


arise. 


The batch reduction of hexavalent 
chromium by ferrous sulfate is ap- 
plied to a waste having an average 
acidity initially of about 2.3 pH. The 
pH after reduction should be stated. If 
the waste is not sufficiently acid at this 
point, unreduced chromium may be 
precipitated and cause trouble later. 
Furthermore, the laboratory method of 
checking completeness of reduction 
may not reveal this. 

It would be helpful if the type of 
ferrous sulfate and lime used at Talon, 
Ine., were stated. The tendeney for 
these chemicals to cake in storage, and 
the performance of the lime in treat- 
ment are known to be factors involved. 

Information on the time required 
for the destruction of excess chlorine 
after destruction of the cyanides would 
also be of value. 

Data are badly needed on the char- 
acteristies of the sludge produced from 
treated plating wastes. Information 
on the solids and water content of the 
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sludge when transferred to the lagoon 
and after settling for one and two 
years, as well as the acre-feet per year 
required for lagooning of this type of 
waste, would be valuable design data. 

As pointed out by the author, the 
plant is designed to give complete batch 
treatment because experience indicates 
that this is necessary when discharging 
into a trout stream, of limited and 
varied seasonal flow, located in a re- 
sidential area. 

For comparison, the other extreme 
should be cited; namely, that involving 
a plant discharging 10 or 20 times the 
volume of waste into a body of water 
of less purity and of much larger daily 
flow, located in an industrial area. 
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Batch treatment is impractical and 
prohibitively expensive under such cir- 
cumstances. Furthermore, the toler- 
able limits of impurities should bear 
some relationship to the purity and 
flow of the body of water into which 
the waste is discharged. 

A continuous treatment process is 
the practical answer in the latter case. 
Such processes can be operated suc- 
cessfully. However, the impression 
prevails in the industry of Pennsyl- 
vania that the state authorities have 
patterned their philosophy of plating 
waste treatment after the Talon, Inc., 
installation. A further clarification of 


this matter would be most helpful to 
industry. 
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COLOR IN INDUSTRIAL WASTES * 


VI. Effect of Biological Treatment and Activated Carbon 


Wittem Rupoirs D. HANnton 


Rutgers University, New Brunswick, N. J. 


The effect of biological treatment on 
the color characteristics of industrial 
wastes has received little attention to 
date other than casual observations 
that a waste appears either lighter or 
darker as a result of treatment. It is 
the purpose of this paper to illustrate 
the effect of two biological treatment 
methods and activated carbon on the 
color characteristics of various types 
of industrial wastes. 

In an addendum, a summary of the 
effects of various treatment methods 
in reducing the color of industrial 
wastes is presented to facilitate quick 
reference. 


Aerobic Biological Treatment 
Activated Sludge 

Concentrated jute cooking liquor 
waste was diluted to obtain a B.O.D. 
of approximately 1,500 p.p.m. The di- 
luted waste was neutralized and treated 
with an acclimatized activated sludge 
over periods of 24 hr. at 20° C. Nitro- 
gen and phosphates were added to 
satisfy the nutrient requirements. 
Samples were withdrawn at selected 
time intervals for filtration in prepa- 
ration for color and B.O.D. determina- 
tions. 

The results of a series of experiments 
(Figure 1) show that there was a 
eradual reduction of the color and 
B.0.D. as a result of the treatment, 
but that no direct relationship existed 
between and B.O.D. reduction. 
The total color reduction at the end 


color 


* Paper of the Journal Series, New Jersey 
Agricultural Experiment Station. 


of 24 hr. of treatment was about 30 
per cent from the standpoint of color 
purity and approximately 40 per cent 
when — log luminance values were con- 
sidered. The — log luminance values 
are used, rather than the luminance 
values, for caleulating the degree of 
color reduction because there is a 
closer relationship with the concentra- 
tion of the substance effecting the color. 

Rag and sulfite cooking liquors, yeast. 
and gum wastes were treated like the 
jute cooking liquor waste. The con- 
densed results obtained on the effect on 
the color characteristics are shown in 
Table I. The color characteristics of 
the rag and sulfite cooking wastes in- 
creased from 3 to 8 per cent, whereas 
the changes in the yeast and gum 
wastes were negligible. These data also 
indicate that there was no direct re- 
lationship between color and B.O.D. 
reduction. 


Dispersed Growth 


Sulfite, rope. rag, and jute cooking 
liquor, boardmill white water, veast, 
and gum wastes were subjected to a 
dispersed growth treatment at 20° C. 
to determine the effect on the color 
characteristics. The effect of the treat- 
ment on the different wastes varied 
materially. There were no appreciable 
changes for the jute and rag cooking 
liquor and gum wastes, even after 24 
hr. of treatment. On the other hand, 
the color increases of the sulfite and 
rope cooking liquors and boardmill 
white water wastes were approximately 
15, 17, and 25 per cent, respectively, 
from the standpoint of purity; and 45, 


484 


j 
: 


Vol. 25, No. 4 


87 


COLOR IN INDUSTRIAL WASTES. VI. 


13 


@ 


© 


COLOR 
PURITY 


© 
ro) 


LUMIN 


‘Wdd- GOs 


LUMINANCE (%) 
COLOR PURITY - (%) 


4 8 


16 


TREATMENT TIME - (HRS.) 


FIGURE 1.—Effect of activated sludge treatment on the color and B.O.D. of a jute 
cooking liquor waste. 


60, and 45 per cent, respectively, from 
the standpoint of — log luminance. 
Treatment of the yeast waste resulted 
in a decrease in color to the extent of 
30 per cent on the basis of — log lumi- 
nance and 7 per cent on the basis of 
purity. 


Anaerobic Biological Treatment 


To determine the effect of anaerobic 
biological treatment on the color char- 
acteristics of the wastes, jute and rag 
cooking liquors and boardmill white 
water wastes were withdrawn from ac- 


TABLE I. 


climatized digesters (20° C.) after 24 
hr. of treatment. Color and B.O.D. 
determinations were made on filtered 
feed and effluent samples after adjust- 
ment to pH 7.6. 

Some results (Table II) show that a 
decrease in the color of the jute liquor 
waste and an increase in color of the 
rag cooking liquor and boardmill white 
water wastes may be expected with this 
type of treatment. 
relation has been 


no direct 
found between the 
3.0.D. reduction and mag- 
nitude of color change of individual 


Since 


percentage 


Effect of Activated Sludge Treatment on the Color Characteristics of 


Various Industrial Wastes 


Treatment 


ime 


(hr. 


Rag cooking liquor 


Sulfite cooking liquor 
Yeast 


(ium 


| Color Increas 
B.O.D. 
Reduction 


| —log 


Purity 
Luminance 


= 1600 

4 

1200 

e No Waste 

24 92 7 5 

24 97 3 8 

6 95 0 0 

6 73 0 | 0 

24 0 | 0 

4 
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TABLE II.—-Effect of Anaerobic Biological Treatment on the Color of Jute and Rag Cooking 
Liquor and Boardmill White Water Wastes 


Color Increase (+) or Decrease (— 
B.O.D . 7 
No. Waste Reduction 
‘ log Purity 
Luminance 


l Jute cooking liquor Si —5 ~ 4 


7 5 5 
2 Rag cooking liquor 63 +31 +7 
3 Boardmill white water : 


wastes, higher or lower B.O.D. reduc- and yeast waste activated sludge ef- 
tions have little significance as far as fluents were adjusted to pH 7.0 and 
color removal is concerned. treated with various amounts of 
powdered activated carbon (Nuchar 
Activated Carbon C11I5N) at 25° C. The samples were 
Adsorption of color present in vari- then adjusted to pH 7.6 and filtered 
ous substances by activated carbon has for color determinations. 
been well established. Very little pub- Figure 2 shows that approximately 
lished information is available concern- the same quantity of carbon is re- 
ing the effect of activated carbon on quired for equivalent degrees of color 
concentrated waste liquors or waste reduction for the three waste effluents. 
treatment plant effluents. It is to be expected, however, that 
Aliquots of rag cooking liquor, gum, greater quantities of carbon will be re- 
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FIGURE 2.—Activated carbon required for various degrees of color reduction of 
oxidized waste effluents. 
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quired for the same degree of color 
reduction with some wastes than with 
others, because of variation in the con- 
centration of color. For example, a 
given quantity of carbon removes ap- 
proximately the same amount of color 
from activated sludge effluents of rag 
liquor, gum, and yeast wastes. When 
these values are extended to the quan- 
tities of carbon required on the basis 
of the concentrated wastes (rag 
liquor, 27,000 p.p.m. B.O.D.; gum, 
9,000 p.p.m. B.O.D.; and yeast, 7,000 
p.p.m. B.O.D.), the amount of carbon 
required per unit of volume of concen- 
trated waste increases in the order of 
yeast, gum, and rag liquor wastes 
(Figure 3). 

It is interesting to compare the ef- 
fectiveness of activated carbon and 
chlorination for color reduction in these 
wastes. For example, to obtain a 50 
per cent removal of the color substances 
from a rag liquor waste activated 
sludge effluent having a raw B.O.D. of 
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27,000 p.p.m., the carbon would have 
to be added to the extent of 11.2 per 
cent, or 112,000 p.p.m. This is hardly 
practical when compared with chlorina- 
tion requiring 1.25 per cent, or 12,500 
p.p.m., chlorine for the same degree of 
color reduction (5). 

The rag cooking liquor, yeast, and 
gum wastes were treated with neutral 
powdered carbon. Possibly the effi- 
ciency of color removal could be im- 
proved by using other types of carbon, 
such as acid carbons. Granular car- 
bon is less efficient for color reduction, 
but this type is more easily removed 
from solutions. 

Aliquots of a sulfite cooking liquor 
waste activated sludge effluent were 
treated like the preceding wastes. It 
was found that the activated carbon 
was not effective for reducing the color 
of this type of waste. Additional work 
with Nuchar C115N at pH 3.0, and 
Nuchar C190A at pH 7.0 and pH 3.0, 
gave the same results. 


Q 


@ 


> 


—LOG LUMINANCE REDUCTION -(%): 


4 


6 8 10 12 


CARBON ADDED - (%) 


FIGURE 3.—Activated carbon required for various degrees of color reduction of 
concentrated wastes. 
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Conclusions trial wastes varies with the type of 
waste and treatment. 

2. Activated earbon is effective for 
reducing the color of rag cooking 
liquor, gum, and yeast wastes, but not 
of sulfite cooking liquor waste. 


Laboratory studies were made to de- 
termine the effects of biological treat- 
ment and activated carbon on the color 
removal of industrial wastes. As a re- 
sult of the work, the following conclu- 
Reference 


1. Rudolfs, W., and Hanlon, W. D., ‘‘Color in 
Industrial Wastes. V. Chlorination for 
Color Removal.’’ THis JouRNAL, 25, 
on the color characteristics of indus- 3, 314 (Mar., 1953). 


sions are drawn: 


1. The effect of biological treatment 


TABLE III.—-Effect of Various Types of Treatment on the Color Characteristics 
of Several Industrial Wastes 


Color Change 
Treatment 


Increase Decrease | 
Rag cook liquor Activated sludge | Xx 
Digestion X 
Chlorination 
Sunlight X 
Ultraviolet light X 
Activated carbon xX 


Sulfite cook liquor Activated sludge 
Dispersed growth 
Chlorination 
Chlorination? 
Sunlight 
Ultraviolet light 


AA 


Rope cook liquor Dispersed growth 


Boardmill white water Dispersed growth 


] Jigest ion 


Jute cook liquor Activated sludge 
Dispersed growth 


Digestion 


Gum Activated sludge X 
Dispersed growth 
Digestion X 
Chlorination 
Sunlight 

Ultraviolet light 

Activated carbon 


Activated sludge 
Dispersed growth 

Digestion X 
Chlorination 

Sunlight 

Ultraviolet light 

Activated carbon 


pH 1.8 to 6.0. 
? pH 6.0 to 12.0 
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ADDENDUM 


The problem of treatment and dis- 
posal of colored industrial wastes is 
of increasing importance, particularly 
in connection with their effects on 
water treatment and visual observa- 
tions by the layman. The increasing 
demand by the consumer for clear and 
colorless water causes additional ex- 
pense for water treatment when per- 
sistent colors are present in the surface 
supplies. An industrial waste may re- 
ceive a high degree of treatment, which 
reduces the suspended solids and 
B.O.D. but has little effect on the color 
of the waste. The observer, on seeing 
the color, is not readily convinced that 
pollution has been abated, particularly 
because such color frequently can be 
traced for a considerable distance from 
the point of discharge. 

In the course of extensive studies, the 
results of which have been published 
in condensed form in a series of papers, 
a tristimulus color measurement and 
specification method was applied to 
industrial waste problems, a simplified 


industrial waste color measurement 
method was developed, and a method 
was proposed for calculating the degree 
of industrial waste color treatment or 
dilution necessary to meet tristimulus 
stream color standards. On the basis 
of the work and results obtained, color 
determination methods have been pro- 
posed for inclusion in the new ‘‘Stand- 
ard Methods’’ under the section deal- 
ing with industrial wastes. 

In the course of industrial waste 
treatment by various physical, chemi- 
cal, and biological methods, the color 
of the effluent may be less, remain the 
same, or even increase. The effects of 
treatment on a number of highly 
colored raw wastes and effluents on 
color characteristics have been sum- 
marized in Table III. It is clear that 
physical, chemical, and biological meth- 
ods do not have the same effect on the 
color characteristics of a particular 
waste. Neither does any one of these 
methods consistently produce the same 
results for different types of wastes. 


INSTRUMENTATION CONFERENCE 


A conference on instrumentation in water, sewage, and indus- 
trial waste treatment will be held on May 14, 1953, at Manhattan 


College, New York City. 


The conference, sponsored by the Col- 


lege’s Civil Engineering Department in cooperation with several 
companies in the instrumentation field, has as its objective the 
dissemination and exchange of information on the application of 
instrumentation and control to water, sewage, and industrial waste 


treatment processes. 


Additional information on the conference may be secured from : 


Department of Civil 
Manhattan College 


Engineering 


242nd Street and Broadway 
New York 71, N. Y. 
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THE OPERATOR’S CORNER 


ConpuctTEep BY HersBert P. ORLAND 


Assistant Engineer, Maintenance 


Just when you're getting to sleep, the 
night foreman calls to inform you that 
Mr. Jones’ basement is flooded with 
sewage ; furniture, trunks, and tools are 
ruined and he’s ready to sue! Just 
when you enter a busy conference, the 
radio man reports a surcharged line 
spilling sewage into the local park— 
and the park officials want immediate 
action. Just when you finally settle 
down to finishing last month’s reports 
—always just when you’re busiest— 
emergency maintenance calls interfere 
with your incite the publie to 
hasty condemnation of your organiza- 
tion, and necessitate the expenditure of 
more men, more time, and more money. 

Isn’t it possible, somehow, to antiec- 
ipate and prevent at least some of 
these emergency calls? With that 
question as a starting point, the fol- 
lowing considers the suggested com- 
ponents of a plan which the Washing- 
ton Suburban Sanitary Commission is 
now undertaking; a plan which finds 
the trouble before it becomes real trou- 
ble; a plan which, fully de- 
veloped, talent, and 
money constructive work. 
This plan is generally known as pre- 
ventive sewer maintenance. 
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PREVENTIVE SEWER MAINTENANCE * 


By WILLIAM 


and Operation 
Sanitary Commission, 
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D.C, 
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Washington, 


Three Basic Phases 


Preventive sewer maintenance is a 
planned program of inspection, servic- 
ing, and repair of the sewer system. 
The need for such a program is obvious 
when the problems to be dealt with are 
examined. The causes behind emer- 
gency maintenance are almost as varied 
as they are numerous. The largest 
group may be listed under main-line 
stoppages—stoppages due to roots, sand 
or gravel, grease, and other material 
which has blocked the normal flow of 
a sewer. Besides relieving main-line 
stoppages, emergency maintenance is 
necessary when a surcharge of the 
sewer floods surrounding basements. 
This condition of surcharge is caused 
by the entrance of rain water and 
ground water, or by insufficient capac- 
ity of the sewer during the periods of 
peak flow. Preventing these problems 
becomes the task of a program of pre- 
ventive maintenance. 

As already indicated, the three basic 
phases of the program are inspection, 
servicing, and repair. Those phases 
dealing with inspection and servicing 
are the most important, and, when 
treated as such, will greatly reduce the 
repair phase. Without question, this is 
the end reward of a preventive pro- 
cram. If this reward (reducing of re- 
pair work) is to be realized, then much 
time and thought must be given to plan- 
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ning the inspection and servicing as- 
pects of the program. 


Listing of Problems 


The first objective of the mainte- 
nance engineer is to make a listing of 
the specific problems of his system. 
Such a listing can be made only after 
a thorough study of all available past 
records dealing with the maintenance 
of the sewer system. These records, if 
complete, will enable the engineer to as- 
semble data concerning the location, 
type of complaint, and maintenance re- 
quired to correct the trouble, as well as 
the frequency of occurrence. <A pro- 
gram of periodie inspection and main- 
tenance of the entire system should be 
designed to meet the conditions dis- 
closed by this study. If past records 


are not available, now is the time to 
start assembling a complete file on 
every emergency sewer call received. 
The information contained in accurate 
and complete records forms the major 
building block for any successful pre- 


ventive maintenance program. 


Inspection Phase 

Inspection, which is a critical exami- 
nation, is the method employed by the 
maintenance section to determine the 
need for servicing sewers. A routine 
inspection program applied to the en- 
tire sewer system must be established 
to locate potential stoppages and areas 
subject to surcharge. An inspection of 
every sewer in the system would be 
made at least every five vears. In some 
cases, however, records of frequent 
emergency maintenance may show a 
necessity for inspection as often as 
every three to six months. 

In many instances, the inspection and 
servicing phases of the program may be 
carried out jointly. | good example 
of this is found in blocked manhole 
channels. When the inspection crew 
discovers trouble in a manhole, it can 
easily correct the condition without los- 
ing valuable time in delegating the re- 
sponsibility to a servicing crew. The 
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servicing crew may likewise assume 
some of the responsibility for inspee- 
tion. When doing a routine mainte- 
nance job, inspection should be made 
of the main-line sewer adjacent to the 
portion being serviced. The interrela- 
tionship of these crews is both logical 
and practical. 


Planning 


When planning the inspection phase, 
the sewer system should be divided into 
drainage areas. If this is done, the 
problem of keeping clear, accurate rec- 
ords of inspection will be simplified. 
The information to be recorded should 
include the date, the condition of the 
line, including any leaks or crushed 
areas, and the maintenance required. 
It will be advantageous to record the 
number of manholes inspected, cleaned, 
and located, and the number which will 
require adjustment or repair, such as 
raising and water-proofing. The ree- 
ords of such inspection are the basis 
for planning the work of the servicing 
or maintenance crew. 


Inspection Crew 


An effective inspection crew is com- 
posed of a foreman and three laborers 
and allows for one man on the street 
at each manhole during inspection. 


Records 


The foreman on the job should be 
supplied with two report forms; a 
daily record sheet on which to note all 
necessary information pertaining to the 
inspection, and a maintenance work- 
order sheet on which to detail the serv- 
icing which the line may need. In ad- 
dition, the foreman will need a detailed 
map of the sewer lines in the area to be 
inspected, and, before leaving the job, 
should mark the stretches on this map 
to substantiate visibly the written ree- 
ords. This combination of daily ree- 
ords and maps clearly sets forth the 
progress of the inspection crew and 
provides cross-identification of the trou- 
ble spot when an emergency call is re- 
ceived from the area. 
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Locating Stoppages 


When the inspection crew searches 
for possible main-line stoppages, it is 
easy to make visual inspection of the 
line by using powerful flashlights and 
mirrors. Although a beam of light does 
not always penetrate a long stretch of 
sewer strongly enough to disclose stop- 
pages to the naked eye, it will reflect on 
a mirror held at the end of the stretch 
if the line is clear. Lack of such reflec- 
tion consequently reveals the presence 
of foreign matter in the line. 


Reduction of Root Stoppages 


A job which the inspection crew can 
handle, and which has reportedly pro- 
duced excellent results, is that of treat- 
ing the sewer lines with copper sulfate 
to discourage root growth. About 2 lb. 
of this chemical in crystal form, put 
into all terminal stretches during regu- 
lar inspection, should reduce the oe- 
currence of root growth and help to 
relieve a troublesome condition. 


Surcharge 


Another problem dealt with under 
the inspection phase of the preventive 
maintenance program is that of sur- 
charge of the main sewers. It has been 
pointed out that surcharge may be due 
to insufficient capacity of the sewer or 
to the entrance of rain or surface water 
into the sanitary sewer. Inspection ean 
be planned to locate and forestall the 
occurrence of this condition. 

To anticipate and prevent surcharge 
caused by insufficient capacity, a pro- 
gram of annual flow tests of the trunk 
sewers in the system should be organ- 
ized. Again the sewer system can be 
approached on the basis of drainage 
areas. The trunk line within each area 
should be tested to determine the maxi- 
mum rate of flow at the important 
points of sewage concentration. The 
rate of flow in the trunk sewer just be- 
low and just above the discharge of 
sewage from a large tributary area will 
serve as the guide for planning a relief 
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sewer line before the need arises. Ree- 
ords of these flow tests may be kept on 
a map of the drainage area and should 
include, as well, the design capacity 
of the stretches of trunk sewer under 
study. 

Surcharge due to the entrance of 
ground water or rain water may arise 
from several different conditions, both 
accidental and deliberate. The most 
frequent of these conditions, and, con- 
sequently, the source of many emer- 
geney calls, are open manholes in low 
areas, and manhole frames and covers 
pushed off during grading and paving 
operations. Routine inspection of new 
building developments will disclose 
such potential cases of surcharged lines. 
This inspection can be most effective 
during rainy periods, when it is pos- 
sible to trace muddy water through the 
sewer lines to its source. 

Where surcharge is not due to these 
indirect sources of rain water or ground 
water it may be necessary to survey 
the foundation drains, downspouts, and 
large areaways or driveways in an area 
to determine the number connected to 
the sanitary sewer system. These sur- 
face-water connections, by introducing 
rain water and ground water into the 
sanitary sewer, may surcharge it. 
When the inspector with his crew lo- 
cates an illegal connection, proper steps 
should be taken to have it eliminated. 
The time, effort, planning, and expense 
involved in such a survey are far less 
than that necessary to construct a relief 
sewer. 

Constant alertness for line stoppages 
and for causes of surcharge are but a 
part of the many jobs composing rou- 
tine inspection under a_ preventive 
sewer maintenance program. The prob- 
lems existing in each community deter- 
mine the additional phases of the in- 
spection program. It should be obvious 
that gettine to the source of trouble 
before it can become a midnight head- 
ache, by routine conscientious inspec- 
tion, can greatly reduce emergeney 
maintenance and will result in lower 
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operating costs and more effective oper- 
ation of the sewer system. 


Maintenance Phase 


The establishment of planned mainte- 
nance, based on past records and on 
inspection reports, is the second phase 
of any preventive maintenance pro- 
gram. Planned maintenance, the logi- 
cal follow-up of planned inspection, 
can insure economy and a more effi- 
ciently operating system. 

The maintenance of a sewer system 
should inelude flushing and dragging 
of the sewer lines, the relief of stop- 
pages, and the repair of appurtenances. 
Such servicing should also be a system- 
atic program, utilizing the inspection 
reports, and carried out by mainte- 
nanee crews, which will vary in size 
and number with the amount of work 
to be done. When the inspection crews 
report line stoppages, the maintenance 
crews relieve those stoppages by rod- 
ding and dragging the line. Necessary 
work on manholes, in the way of rais- 


ing, repairing, or waterproofing as re- 
ported by the inspection crews, should 
be done by the maintenance crews. 


When the maintenance crews have 
dragged roots from a clogged line, they 
should be instructed to treat the line 
with copper sulfate crystals as a pre- 
caution against further root growth in 
the sewer. The servicing program 
should also include the coverage of the 
recurring trouble spots throughout the 
sewer system. 


Repair Phase 


The third phase of a _ preventive 
maintenance program is repair. The 
repair crews should be used to re-lay 
portions of sewers which are crushed 
or otherwise damaged, and to replace 
damaged house connections. The sched- 
uling of the work of these crews can be 
based on the reports of the inspection 
and maintenance crews and on emer- 
gency calls. In many eases, the mainte- 
nance and repair crews will be one and 
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the same, depending upon the amount of 
work to be done and the number of men 
to do it. As has already been pointed 
out, if a program of preventive mainte- 
nance is carried out the repair work on 
the sewer system will greatly decrease 
as the inspection and servicing phases 
become more effective. 

When planning a program of pre- 
ventive maintenance, the interrelation- 
ship of each of the three phases is an 
important factor to be considered. The 
division of one phase from the other 
depends, of course, upon the situations 
which occur in each system and locality. 
It may be well to remember, however, 
that ‘‘a chain is only as strong as its 
weakest link,’’ and although some 
amount of division is necessary, coordi- 
nation of effort will strengthen the 
whole program. 


Commission Program 


The preventive sewer maintenance 
program of the Washington Suburban 
Sanitary Commission was started in 
April, 1951, when a systematic inspec- 
tion of the sewer system was under- 
taken. 

The inspection program is being car- 
ried out by one crew consisting of a fore- 
man and three laborers. Their inspec- 
tion operations follow the general out- 
line previously suggested. Between 
April 1 and December 31, 1951, 118.83 
mi. of sewer lines and 5,535 manholes 
were inspected, 173 manholes were 
cleaned, and 5.52 mi. of sewer lines 
required servicing by maintenance 
crews. The progress of this inspection 
erew has been retarded because, in 
years past, many manholes in this 
drainage area were covered over and 
had to be relocated and dug out before 
the procedure could continue. 

In an effort to prevent the occurrence 
of root stoppages, the inspection crew 
has been dosing all terminal stretches 
of the main lines inspected with ap- 
proximately 2 lb. of copper sulfate 
erystals. The period during which this 
treatment has been used is not yet suffi- 
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cient to give conelusive evidence of its 
effectiveness when employed as part of 
a long-range plan. Re-inspection of a 
few key stretches where root growth 
was evident before treatment has dis- 
closed that the dosing was about 50 
per cent effective. Further checks will 
be necessary before a definite conclu- 
sion as to its efficiency can be reached. 
The maintenance crews, as well as the 
inspection crew, are supplied with cop- 
per sulfate crystals and after dragging 
roots from a line are instructed to ap- 
ply the copper sulfate treatment to 
discourage further root growth. 

During the past vear, it was neces- 
sary for the Sanitary Commission to 
make a survey of a large area where 
surcharge consistently occurred during 
rainy periods. The drainage area was 
subjected to a careful study, which in 
cluded flow tests on all main-line sew- 
ers and a house-to-house cheek for il- 
legal connections of drain tiles, down- 
spouts, Oversize areaways. and drive- 
ways. It was determined that the sur- 
charge in this case was due to a com- 
bination of insufficient capacity in a 
portion of the main-line sewer and the 
entrance of ground water and rain 
water through regulation-size areaway 
drains, 

In addition, 1951 saw the limited be- 
vinning of a program of annual flow 
tests of all trunk sewers in the sewer 
system. trunk 
pletely surveved. 


One sewer was com- 
In addition, the rate 


of flow was measured at one point on 
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all other trunk sewers and interceptor 
sewers throughout the system. In order 
to continue and expand the program 
this year, plans are nearing completion 
for making flow tests on each trunk 
sewer at points of confluence with sewer 
lines from large contributing areas. 

As for the servicing 
and repair organizations, a careful ex- 
amination need for 
improving both techniques and equip- 
ment. 
tine maintenance can prevent recurring 
emergency calls. With ample past rec- 
ords in the files to aid in the planning 
of such a program, it is hoped that the 
routine maintenance procedure will be 
successfully established in the near fu- 
ture. In conjunction with this study, 
an attempt is being made to evaluate 
the effectiveness of the present sewer 
cleaning equipment as compared with 
other equipment which may be avail- 
able. Specific recommendations based 
on this phase of the study will be made 
in an attempt to improve both methods 
and equipment. 

This program is considered as a be- 
ginning in the right direction and it is 
hoped to learn as it progresses. An 
open-minded attitude toward new ideas, 
and a genuine desire to improve serv- 
ices wherever possible, will lead even- 
tually, it is felt, to a time when the 
causes of trouble can be anticipated be- 
fore an emergeney arises. That, in sub- 
stanee, will be effective preventive 
sewer maintenance. 


Commission's 
has revealed the 


Only a better program of rou- 


TRICKLING FILTER RESULTS AT FAIRFIELD, 
ILLINOIS 


By WILLIAM 


THASFURTHER 


Sanitary Engineer, Illinois Department of Public Health, Springfield, III. 


The Fairfield, Ill., sewage treatment 
plant is of the separate sedimentation 
type with dual primary and secondary 
tanks and trickling filters, all designed 
to operate in parallel. After the origi- 


nal plant became overloaded, the sec- 
ond set of units was designed and con- 
structed in 1947-8, when design cri- 
teria specified filter loadings at approxi- 
mately 450 lb. of B.O.D. per aere-foot. 
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The new filter contains 4- to 5-in. rock 
at the bottom and 2'4- to 3-in. rock 
above. The old filter has 134- to 314-in. 
rock. Flow is ordinarily divided be- 
fore the primary tanks, one-third to 
the old plant and the remainder to the 
new. 

There are two digesters in series, the 
primary with an external heat exchange 
unit. It is interesting to note that the 
sludge drying beds are seldom used. 
Several years ago Superintendent 
Walter Hancock installed facilities for 
pumping wet sludge through an ele- 
vated pipe to tank trucks, which then 
spread it on farm land. 


The Survey 


Because the parallel design made it 
possible to put all of the flow through 
one set of units and because the plant 
was not loaded to design capacity, it 
was decided to put the old units out 
of service and see how the new filter 
would function when receiving the en- 
tire flow. At first, because of piping 
limitations, it also was necessary to use 
only the new settling tanks. 

With the cooperation of the city, 
Superintendent Hancock, and Operator 
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Kelly Brown, State Sanitary Water 
Board personnel conducted a survey in 
June and July of 1951, covering one 
week with the plant in normal opera- 
tion and 16 days with only the new 
units in use. Samples weighted accord- 
ing to flow were collected every half 
hour and composited over 24-hr. pe- 
riods. Analyses were made partly in 
a mobile trailer laboratory operated by 
the Sanitary Water Board and partly 
in Springfield by the Division of Lab- 
oratories. 

In October, 1952, a two-day check 
was made, but the sampling period 
covered only 11 hr. each day. <A 2-hr. 
lag in sampling between the raw sew- 
age and the settled sewage was allowed 
to compensate in part for detention 
time. 


Data and Results 


Results of computations on filter 
loadings and reductions with all of the 
flow through the new filter are shown in 
Table I. Along with these, the follow- 
ing pertinent facts should be noted: 
filter depth, 6.25 ft.; average primary 
and secondary overflow rates, 895 and 
1,020 g.p.d. per square foot, respec- 
tively. Daily values show that although 


TABLE I. Filter Loading and Removal Through Filter and Final Tank at Fairfield, III. 


| 


B.O.D. Loading 


Flow 
m.g.a.d. | 


* 3.63 
3.50 
2.98 
3.30 
3.44 
3.56 
3.53 
3.92 
3.10 
3.44 
3.66 
3.16 


} 


Ib. /1,000 


B.O.D. Removal 


Ib. /1,000 


Ib. /ac.-ft. | cu. ft. 


= 
a 
4 
: 
Date 
| 723 | 192 | 580 +| 132 80 
| 745 | 187 680 156.5 | 91.5 
«560 12.8 480 11.0 85.5 
745 675 15.4 90.5 
: | 780 17.8 660 15.1 84.5 
| 765 17.4 635 14.5 83 
a. 705 16.0 590 13.5 $3.5 
| 835 19.1 675 15.4 81 a4 
10-11 | 690 | 45.7 630 14.4 91.5 
1-12 | | 685 15.7 590 13.5 86 
12-13 730 16.7 650 14.9 89 
13-14 | 690 15.8 620 42 | 90 
ioe 15-16 | 2.88 | 500 11.4 460 10.5 92 es 
x 16-17 | 337 | 740 16.9 700 16.0 | 945 i 
oe 17-18 432 | 565 12.9 540 12.3 95.5 ur 
Av. 3.51 700 15.9 610 14.0 87 
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TABLE II.—-Average Analyses for New Plant 


Samples, July 2-18, 1951 


Suspended 
Solids 
“low ) 
Sample Flo 
m.g.d.) | 


5-Day B.O.D 
p.p.m 


| Tot. | Vol. | Test! | Check? 


| 0.501 | 288} 170/250 | 295 

10.501 | 83| 53 |151 | 175 
0.501 | 106) 65| 60 | 60 

| 0.501 | 16| 12) 18.8) 25.5 


Raw sewage 
Settled sewage 
Filter effluent 
Final effluent 


‘Samples are 24-hr. composites taken on 
‘o-hr. schedule during test period. 

?Samples are on 11-hr. basis on October 14 
and 15, 1952. 


there were substantial daily variations, 
there was no extended period with re- 
movals below the average. The same 
filter reduction was obtained when only 
part of the flow was going through it, 
and loading averaged 420 lb. B.O.D. 
per acre-foot per day. 

The average daily results of analyses 
for suspended solids and B.O.D. for 
both 1951 and 1952 sampling periods 
are given in Table II. Caleulations 


show that an over-all B.O.D. reduction 


By-pase 


Permanent 
block 
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To old 
filter 
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of 92.5 per cent was obtained, even 
though the units were slightly over- 
loaded. During this test, nitrates in 
the plant effluent ranged from 8 to 15 
p.p.m. 

Plotting of filter loading versus reduc- 
tion showed points so scattered that it 
was difficult to draw an average curve. 
However, nearly all of the points lay 
well above the curve plotted by using 
the National Researeh Council formula 
without recirculation, and the curve for 
this latitude shown in the ‘‘ Tentative 
Standards for Sewage Works’’ de- 
veloped by the Upper Mississippi River 
and Great Lakes Boards of Public 
Health Engineers. 

After the 1951 study, normal opera 
tion was resumed, but Mr. Hancock 
eould not forget that work of opera- 
tion and the filter fly problem were re- 
duced with only one filter in use. By 
the summer of 1952 he had, therefore, 
made changes in plant piping so that 
both primary tanks could be operated 
in parallel with their combined over- 
flow going to the new filter. Another 
change makes it possible to divide the 


To new 
filter 


Previous by-pass 


+ Temporary 
block 


By-pass 


FIGURE 1.—Primary tank piping arrangement utilizes part of by-pass to eliminate 
old filter from flow pattern. 


X-Valve 


Path of 
diverted 
effluent 


2 tank 
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filter effluent between the two final 
tanks. 

When an operator ean only purchase 
materials urgently needed, he has to re- 
sort to ingenuity to make changes that 
he desires and which will be of no ap- 
preciable cost to the city. Mr. Han- 
cock, after studying his layout, was able 
to make simple changes which per- 
mitted use of the two primary tanks. 
Figure 1 shows the tank and piping 
layout and the points where changes 
were made. The only construction 
changes were to place in the main by- 
pass line a block that can be removed 
readily, and break a connection be- 
tween this by-pass and another. The 
valve on the line from the old primary 
to the old filter was then closed and the 
valve on the by-pass line at the new 
primary was opened. Effluent from the 
old primary then discharged through 
the by-pass into the discharge line to 
the new filter. 

Operation under this flow pattern re- 
duced maintenance, yet there was no 
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visible deterioration of the effluent. 
The partial results for the 2-day check 
in 1952, with total daily flow approxi- 
mately the same as the 1951 test aver- 
age, again showed that the filter could 
operate satisfactorily at high loadings. 
Reduction through the filter and final 
tank averaged only 85.5 per cent, but 
the lower results were believed due to a 
small amount of cyanide in the sewage 
at this time. 

In 1951, after the entire load was 
placed on the one filter the coating on 
the rock increased greatly and it was 
feared that continuous operation in 
this manner would promote rapid clog- 
ging. Results of six months of opera- 
tion in 1952 using only one filter have 
dispelled this fear. The coating in- 
creased to the maximum noticed in 
1951, but became no greater. 

So far no reason has been found 
that would make it necessary to return 
the old filter to operation until the 
plant loading is increased to a value not 
yet established. 


INTERESTING EXTRACTS FROM OPERATION 
REPORTS 


15th Annual Report of the Oshkosh, Wis., Sewerage Commission for the 
Year Ending October 31, 1952 


By R. W. Frazier, Chief Engineer-Manager 


Personnel 

The utility office in City Hall, oper- 
ated by a chief clerk and one assistant, 
bills and collects for sewage service 
quarterly at the same time as the water 
utility. The cost of mailing and bill- 
ing is shared by the two utilities. 

The treatment plant is operated by 
three regular operators, one relief oper- 
ator, and two other men who act as as- 
sistant operators and help with plant 
and ground maintenance. The last two 
also operate and maintain the eight 
pumping stations located in various 
parts of the city. The entire operation 


is under the supervision of a chief engi- 
neer-manager. 

All except the office employees are 
on a 44-hr. week basis. Vacations are 
for two weeks with pay. No definite 
time is set for sick leave. Under the 
state municipal retirement plan in ef- 
fect, the employee contributes 5 per 
cent and the Commission 6.87 per cent 
of total wages. Hospitalization, ae- 
cident, life, and compensation insur- 
ance covers all employees. 


Nervice Charge 


Approximately 12,000 service ace- 
counts pay on the basis of metered 
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TABLE I.—Summary of 1951-2 Operating 
Data, Oshkosh, Wis., Sewerage 
Commission 
Item Average 
Rainfall (in.).......... 20.40 
Pop. served (est.).... 43,000 
Sewage flow (m.g.d.)...... 5.37 
Screenings (cu. ft./m.g.)... 
Grit (cu. ft./m.g.). 
Settleable solids: 
Raw sewage (ml./l.)... 
Effluent (ml. 
Reduction (%).. 
Suspended solids: 
Raw sewage (p.p.m.) 
Volatile (%). 
Effluent (p.p.m.). . 
Volatile (%) 
Reduction (%). 
B.O.D., 5-day: 
Raw sewage (p.p.m.)..... 
Effluent (p.p.m.). 
Reduction (%) 
pH: 
Raw sewage 
Effluent. . 
Raw sludge. . 
Dig. sludge. 
Sludge data: 
Scum removal (g.p.d.) 
Sludge removal (g.p.d.)...... 
Solids (%). 
Volatile (%).... 
Dig. sludge, total (gal.).... 
Solids (%)... 
Volatile (%).......... 
Solids, total (dry tons) 
Sales (dry tons) 
Gas prod. (1,000 cu. ft.) 
(cu. ft./eap./day).... 
Oper. cost ($): 
Total. . 
Per m.g 


12,333.26 
0.79 


48,084.09 
$ 24.51 


water use or by special contract with 
the connected party. A city ordinance 
provides for the method of charges and 
collections. The 36 accounts outside 
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the city limits are charged the regular 
rate plus 25 per cent. 

Accounts unpaid by November 15 are 
placed on the tax roll for collection. 
Delinquent accounts for the fiscal year 
1951-2 amounted to only $169.85, the 
lowest total on record. 


Sludge 


Although 10 beds were emptied this 
year, all of the well-mellowed sludge 
was sold and some customers had to be 
turned away. In addition, storage piles 
were used up and there was not enough 
for use on plant grounds. Sludge sales 
amounted to $482.90. 


Miscellaneous 

Two air vane vents and stationary 
vent intakes were placed on the floating 
cover of each digester. ‘The vents can 
be closed during the winter. The re- 
duced dampness under the cover hous- 
ings should eliminate damage by fun- 
gus growths in the wood. 

Heating of the flash mixer motor ne- 
cessitated cutting down the impeller 
vanes to reduce the motor loading. Use 
of floceculating chemicals during the 
summer months showed a slight  in- 
crease in solids removal. 

An excessive amount of oil noted in 
the sewage was traced back to a local 
factory. The leak was unknown to the 
offending industry, as it was under- 
eround and the oil seeped directly to 
the sewer. 

Table I the 
operation data for the plant. 


summarizes 1951-52 


Annual Report of Operation of the Niagara Falls, N. Y., Sewage Treatment 
Plant for the Year 1950 


By Epwarp J. Superintendent 


General 


A separate sewer diverts from the 
plant all unpolluted wastes, especially 
from the city’s industrial area, and dis- 
charges them to the river without treat- 


ment. Separate storm and sanitary 
systems handle the functions usually 
associated with these types. 

The treatment plant, located in the 
Niagara River gorge, is a totally me- 
chanical type utilizing fine screens, in- 
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cineration of raw screenings, and disin- 
fection of the effluent. The design flow 
was for an estimated 40 m.g.d. in 1950, 
and a maximum flow hourly of 50 
m.g.d. The original plant was so de- 
signed as to be one-half of the ultimate 
plant, or the primary treatment works 
for future provision of secondary treat- 
ment. bar screenings are buried; grit 
is washed and then incinerated with the 
sludge. Chlorination is provided after 
the bar screens and after the fine 
sereens, Considerable chlorine is pres- 
ent in the raw sewage, due to the chlo- 
rine content of industrial wastes re- 
ceived. 

Fine screenings are dewatered by 
press to 60 per cent moisture (from 85 
per cent) then incinerated using bitu- 
minous coal and oil as auxiliary fuels. 

Even if only part of the flow is 
processed in the plant, which now re- 
ceives about 88 m.g.d. raw flow, the 
overflow can be brought in for chlorina- 
tion and 15-min. contact time (up to 90 
m.g.d.) for disinfection. 


Sampling 

River samples are taken twice 
weekly from bridges 2,000 yd. above 
the plant, 1,000 yd. below the plant, 
and 5 mi. below the plant. The river 
is about 700 ft. wide and 180 ft. deep, 
with an 8- to 10-m.p.h. current. The 
undertow and rapids make it impossible 
to take samples in a boat. Average flow 
of the lower Niagara River is 213,000 
e.f.s. 

Plant influent and effluent samples 
are piped to the laboratory and flow 
continuously. All samples needed for 
testing of these flows are taken directly 
in the laboratory by the operating 
force. 


Special Studies 


During 1950, studies were conducted 
on sedimentation as a means of improv- 
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TABLE II.—Summary of 1950 Operating Data, 
Niagara Falls (N. Y.) Sewage Treatment 
Plant 


Item 


Connected population 
Sewage flow (m.g.d.): 
Entering plant 
Chlorinated 
Metered 
Fine screened 
Bar screenings (cu. ft./m.g.)...... 
Volatile (%) 
Volatile (%) 
Fine screenings: 
Dry solids (Ib./m.g.)*. .. 
Susp. solids: 
Raw (p.p.m.).... 
Raw, vol. (%) 
Effluent (p.p.m.).... 
Effluent, vol. (%). . 
Sett. solids (ml./1. 


Efflue ont 
Oxygen consumed (p.p.n.): 
Rew...... 
Effluent. . . 
Chlorination: 
Cl, used (Ib. /day) 
Ch in tafl. 
Res. in effl. (p.p.m.). 
Maint. and oper. cost ($): 
Per m.g...... 


* On basis of 67.7 m.g.d. 


ing solids removal in the plant. Baffle 
plates were stripped from one of the six 
chlorine contact tanks, turning it into 
a pilot sedimentation unit. Based on 
a detention period of 22 min., 40 per 
cent removal of the settleable solids was 
accomplished. This compares with 19.4 
per cent removal under current opera- 
tion. Further studies are under way 
on the possibilities of dewatering and 
incinerating the sludge from this unit. 

Table II gives a summary of operat- 
ing data for 1950. 


a 
A 
verage 
32.27 
99,675 
88 
41.9 
75.3 
0.22 
59 
2.29 
24 
32.3 
482.4 
39 
446.6 
39 
20.1 
: B.O.D. (p.p.m.): 
54 
52 
: 
50 
48 
730 
2.5 
2.1 
: 136,470.84 
4.25 
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There were three short interruptions 
to plant operation during the year, all 
caused by power outages due to storm 
damage. 

The average flow of 9.90 m.g.d. dur- 
ing the year represents an increase of 
1.15 m.g.d. over the previous fiscal year 
and 0.75 m.g.d. above the previous rec- 
ord high (1942-3). When compared 
with the amount of revenue received, 
the high flow seemingly originates from 
storm and infiltration water. High in- 

* For last 
Works Jour. 


previous 


, 20, 4, 


extract see 


743 (July, 


Sewage 


1948), 


Item 


Average 
Connected population (est.)....... 50,000 
Rainfall, total (in.) 33.84 
Sewage treated: 
M.g.. 
M.g.d 9.90 
G.p.c.d.. 198 
Grit (cu. ft./mg.) 1.32 
Sewage analyses: 
Suspended solids: 
Raw (p.p.m.). . 175 
Settled (p.p.m.) 165 
Final (p.p.m.) 12 
Per cent reduction 93 
B.O.D.: 
Raw (p.p.m.).. 115 
Settled (p.p.m.)....... 97 
5 
Per cent reduction....... 96 
Lb. per cap. per day in raw 0.19 
Dissolved oxygen (p.p.m.): 
2.8 
Settled. 2.0 
Final. 1.8 
Oxygen consumed p.m.): 
13.6 
Settled..... 38.4 
Final. .... 8.3 
Organic nitrogen (p. p. m. n.): 
Raw 7.0 
Settled. 8.1 
Final. 3.2 
Ammonia nitroge n (p. p. m.): 
Raw 8.2 


Settled. 
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By R. A. GREENE, Superintendent 


TABLE III.—Summary of Operation Data for the Jackson (Mich.) Sewage Treatment 
Plant for the Year Ending July 1, 1952 


April, 1953 


Annual Report of the Jackson, Mich., Sewage Treatment Plant for the Fiscal 
Year Ending July 1, 1952 * 


filtration quantities also were reflected 
in the sewage concentration, which was 
lower than it has been in a number of 
years. Total quantities of suspended 
solids and B.O.D. removed were about 
equal to those of the past two years. 


Aeration 


Chlorine is being added to the air lines 
leading to the diffuser plates in the aera 
tion tanks. This is one of the mans 
things needed to keep the diffusers open. 
In July, 1951, the clogged condition of 
the plates and the deteriorated condition 
of many of the aluminum plate holders 


Item Average 
Nitrite-nitrate nitroge 
(p.p.m.): 
Aerators: 
Mixed liquor susp. sol. (p. sae 2,100 
Ave. sludge index. . 45 
Ave. air used (cu. ft. per gal. ).. 0.5 
Primary sludge: 
Per cent solids.......... Baw 4.2 
Per cent volatile....... 61 


Ave. lb. dry solids re smoved per 
m.g. sewage 1,362.89 
Return sludge (per cent). oe 17 


Gas production: 


Total (1,000 cu. ft.).. 

Gas per Jb. vol. sol. dige ste od (c u. 
Cu. ft. perc apita per day . 0.97 

Cost data ($): 
Cost of operation. . 
Revenue bonds (retirement ‘and 
interest)... .. 
Collection (billings, ete). ai 
New equipment 
Lift stations 


17,674 


86,895.83 


42,954.75 
16,501.73 
3,052.17 


and sewer mainte- 


27,826.58 
609.20 
Taxes and meter maint. 25,064.46 
Total. 202,904.72 
Cost pe r mg. (fixe ad chs arge s in- 

cluded). ..... 55.99 
Cost per m.g. (less fixe de he urges). 28.53 
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necessitated cleaning the plates in place 
with chromic acid. The condition of 
many of the plate holders would not 
allow removal of the plates for clean- 
ing. This helped for some time, but in 
June, 1952, a larger blower was placed 
in operation. Replacements for the 
plates and the deteriorated holders are 
on hand for early installation. The 
clogged condition of the plates caused 
a reduction in the air available (0.5 eu. 
ft. per gallon) for treatment, but by 
keeping the suspended solids in the 
mixed liquor down to 2,000 p.p.m. satis- 
factory treatment has been accom- 
plished. 


Gas Engines 

The copper cooling fins on the tube 
nests of the waste heat boilers corroded 
under the action of the exhaust gases. 


* For last previous extract see Sewage 
Works Jour., 21, 2, 343 (Mar., 1949). 


Item Average 

Rainfall (in.).... 18.16 
Connected pop. (est.)..... .... 435,000 
Sewage flow (m.g.d.): 

67.72 
pH raw sewage....... Baia 7.5 
Grit (cu. ft./m.g.). 1.08 
Suspended solids: 

Raw (p.p.m.)..... 321 

Effluent (p.p.m.). . 99 

Removal (%) 70 
B.O.D., 5-day: 

Raw (p.p.m.). . 289 

Effluent (p.p.m.)..... 94 

Removal (%).. als 67 
Grease 

Effluent. 118 
Chlorides (p.p.m. ): 

Raw aludge: 

6.8 

Dry solids (% ).. ies 5.5 
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Annual Report of the San Diego, Calif., Sewage Treatment Plant for the 
Year Ending June 30, 1952 * 


By Eric V. Quart y, 


TABLE IV.—_Summary of Operation Data for 1951-2 at San Diego, Calif. 


Digestion 


The six digesters were continued in 
operation as two three-stage units, with 
raw sludge pumped to the two units 
on alternate days. Using this method, 
practically all digestion is completed in 
the first and second stages, the third 
stage serving mostly as concentration 
tanks. 

First-stage digester temperatures as 
low as 70° F. during the latter part of 
the winter seem to indicate that the 
lower heating coils in these tanks have 
become embedded in sand. 

Table IL] summarizes operating data 
for the year. 


Superintendent 


Cuprous nickel tubes were used as re- 
placements, with satisfactory service. 
Short-time operation of the engines 
so thoroughly carbonized the flexible 
exhaust stacks that they could be read- 
ily broken between the fingers. This 


Item Average 

Digested sludge: 

5.7 

Reduction volatile solids (%).. 47 

Reduction total solids (%)...... 49.2 

Alkalinity (p.p.m.)........... 2,961 
Elutriation: 

Dig. solids (%).. 12.4 

Alk. of elut. sludge (p. m. 969 


Sludge dewatering: 
Wet cake produced (tons per mo.) 792 


Cake yield (Ib./sq. ft./fhr.)...... 44 

Ferric chloride (% of dry solids) 5.5 
Total operating cost ($)....... .. 246,781.15 


Revenue from sale of fertilizer ($).. 6,026.24 
Revenue from other agenicies ($).. 81,616.13 


Net operating cost ($)........... 159,138.78 

Total operating cost per m.g. ($): 
Materials and supplies......... 4.37 
Contracted services............ 1.63 


Net operating cost per m.g. ($).... 13.10 
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was due to restriction of space around 
the stacks and prevention of radiant 
heat flow. 

Oil cooling lines using clarified sew- 
age became so badly fouled with slime 
growths as to require installation of 
chlorination equipment. Electrolytic 
corrosion in the oil coolers has been 
eliminated by installation in these 
units of zine plates, which require re- 
placement about every six months. 


Pumping 


The 24-in. centrifugal pumps were 
furnished originally with bronze wear- 
ing sleeves and cast-iron impellers. 
The bronze sleeves were unsatisfactory, 
due to rapid wearing by abrasive sand. 
Consequently, all bronze wearing sleeves 
have been replaced with special hard- 
surfaced chrome sleeves, which are giv- 
ing excellent service. 

The cast-iron impellers also are being 
replaced because they proved unsatis- 


By R. D. Craun, 


Flow to the Rochester plant was 
about 34 per cent above normal, show- 
ing consistent surface drainage and in- 
filtration. This excessive variation is 
not accounted for in the small popula- 
tion increase in the area, and also not 
by precipitation records. A suspected 
storm-water by-pass gate was investi- 
gated, but found to be not the cause of 
the excessive flows. It was sealed per- 

* For last previous extract see THIS JouR 
NAL, 22, 1, 114 (Jan., 1950). 
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Annual Report on the Operation and Maintenance of the Rochester, Mich., 
Sewage Treatment Plant for the Year 1951 * 


April, 1953 


factory. In this case replacements are 
of east bronze. 


Aeration 


Failure of the blower intake linings 
resulted in pieces jamming the blower 
impellers and threatening clogging of 
the diffuser plates. Replacement of the 
lining with acoustic sheets cemented in 
place seems to have eliminated the trou- 
ble. 


Digesters 


Failure of the protective coating in- 
side the gas domes of digesters No. 4 
and 5 necessitated dewatering of these 
tanks and re-coating of the insides. 
The rehabilitation cost was borne 
equally by the contractor and the city. 
At the same time other necessary repair 
work was accomplished, especially to 
mixer supports, shafts, and bearings. 

Table IV summarizes operation data 
for 1951-2. 


Superintendent 


manently, however, as it is not needed. 
The extra flow apparently comes from 
high-rate infiltration due to loose fill, 
high river level, ete., on sewer extension 
projects completed within the last few 
years. 

Metered flow received at the plant 
totaled 225.84 m.g. for the year, of 
which Rochester contributed 96.3 per 
cent and Parke, Davis 3.7 per cent. 

A summary of operating data for 
1951 is presented in Table V. 


TABLE V.—Summary of 1951 Operating Data, Rochester (Mich.) Sewage Treatment Plant 


Item Average 

Population served.... . 4,200 
Sewage treated (m.g.d.): 

0.619 

Parke, Davis (biological farm) . 0.023 

Grit removed (cu. ft./day)... ia 
Suspended solids (p.p.m.): 

Raw, Rochester. . . 

Raw, Parke, Davis. . 124 

Effluent 82 

Reduction (%).. 68.7 | 


Item Average 

B.O.D. (p.p.m.): 

Raw, Rochester... .. 219 

Raw, Parke, Davis. . 211 

Primary effluent... 124 

Chlorinated effluent 112 

Reduction (%)... 19.2 
Chlorine: 

Used (Ib./day)..... 33 

In effluent (p.p.m.)... 6.7 


Residual after 20 min. (p.p.m.)... 0.65 


| 
: 
‘3 
a 
‘ 


Vol. 25, No. 4 


IOWA CERTIFICATION PROGRAM 


TABLE V.—Continued. 
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Item Average 
Raw sludge: 

Volatile solids (%).............-. 72 
Total 461 
Volatile solids (Ib.).. 331 

Digested sludge: 
Total solids (% 7 
Total solids (lb. : 
Volatile solids (%).... : 49 
Volatile solids (Ib.). . . 92 


Dried sludge: 

From drying beds (cu. ft.). oy 3 

Total solids (%)................ 35 


Adoption of a voluntary certification 
program by the Iowa Sewage Works 
Association on September 11, 1952, 
came as a culmination of several years’ 
consideration by the Association of 
some type of licensing or certification 
for sewage works operators. Unsuccess- 
ful efforts to obtain state legislation for 
a compulsory licensing program in 
1950, and again in 1951 (see Tus Jour- 
NAL, 23, 5, 672; and 24, 6, 792), led the 
hasan to study the merits of a 
voluntary program to be administered 
by the Association. 

The present program is the outcome 
of that study. Immediately upon adop- 
tion it was implemented by appoint- 
ment of the Certification Committee 
provided by the program. The com- 
mittee has edited the program to place 
it in its final form, has prepared the ap- 
plication form, and advises that it is 
nearing completion of a series of ex- 
amination questions preparatory to the 
first examination period. Applications 
for the first examination were received 
by the committee until March 1, 1953, 
after which qualified applicants were 
to be notified to appear before the com- 
mittee for examination in the respective 
certification grades. 


IOWA VOLUNTARY CERTIFICATION PROGRAM 


Item Average 
Supernatant: 
Drawn from digester (g.p.d.)..... 972 
Suspended solids (p.p.m.)........ 3,767 
Gas production: 
Volatile solids consumed (Ib.).... 239 


Gas produced (cu. ft.) (estimated) 3,486 
Operating expenses for treatment 
plant and system ($): 


Payroll... . 4,961.41 
Power. . 319.55 
Repairs and maintenance. . 1,118.50 
Supplies... .. 1,305.68 
Miscellaneous. 617.30 
8,322.44 
Total cost per m. g.* ek Batis 36.85 
Total cost per capita*...... 1.98 


* Includes Parke 


, Davis wastes. 


Committee Members 


The first Certification Committee is 
the same committee that carried on the 
study and made the recommendation 
for voluntary certification to the As- 
sociation. Its membership, as set forth 
in the program, comprises two cur- 
rently employed sewage works opera- 
tors; a member of the Division of Pub- 
lic Health Engineering, Iowa State De- 
partment of Health; a faculty member 
of the Iowa State College or the State 
University of Iowa engaged in the field 
of sanitary sciences; a consulting engi- 
neer practicing in the field of sewage 
works; and an elected municipal offi- 
cial currently in office. Members of the 
committee are appointed by the presi- 
dent of the Association with the ap- 
proval of the Executive Committee, ex- 
cept for the Department of Health 
member (appointed by the Commis- 
sioner of the Department) and the 
municipal official (selected by the other 
members of the committee). The fol- 
lowing comprise the first committee: 


M. F. Neuzil, Operator, Iowa City. 

Frank Jungwirth, Operator, Newton. 

Paul Bolton, State Dept. of Health, Des 
Moines (secretary). 
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Prof. P. F. Morgan, State Univ. of 
Iowa, Iowa City. 

H. S. Smith, Consulting Engineer, 
Muscatine (chairman). 

Don Vance, Councilman, Grinnell. 


Four Classification Groups 
Under the program, certification is 
made in four grades, depending on 
plant classification according to the 
grouping shown in the following: 


Group 


SEWAGE AND INDUSTRIAL WASTES 


Population Served! 


April, 1953 


Fees and Duration 


Fees for original certification or ad- 
vancement to a higher grade are set 
at $2.00 for Grade I and IT operators, 
and $1.00 for Grade III and IV opera- 
tors. Fees for renewal of certification 
in the same grade are $1.00 for all 
erades. 

Certificates continue in effect for a 
period of two years unless revoked for 
cause prior to that time. 


Primary Secondary 
Treatment Treatment? 


30,000 


15,000 
15,000-30,000 


5,000-15,000 


Ill 5,000-15,000 1,500-—5,000 


<1,500 


<1,500 


Bludiee Other 


Chem prec. or special processes 


1,500-5,000 | Special processes 


. | Tr. filt. and sep. sl. dig. <1,500 


<1,500 


‘ Population equivalent based on 0.167 Ib. of 5-day, 20° C., B.O.D. per capita per day. 


* Other than activated sludge. 
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Sign of Changing Times 

The atomic age has finally met its 
match, at least in the sewage works field 
and on paper. The specific reference, 
a la ‘‘governmentese,’’ is Article ITI, 
Section 3, Paragraph (0), of the ‘‘ Rules 
and Regulations of the Metropolitan 
Sewage Disposal System, City of Cin- 
einnati, Ohio,’’ as adopted on January 
21, 1953. Limits on discharge of radio- 
active isotopes read as follows: 


‘*No person shall discharge or cause 
to be discharged to any public sewer 
any of the following deseribed sub- 
stances, materials, waters, or wastes : 

.. Any long half-life (over 100 
days) of toxic radioactive isotopes, 
without special permit. The radioac- 
tive isotopes I'** and P* used at hos- 
pitals are not prohibited, if properly 
diluted at the source. .. .”’ 

This is the first municipal sewer use 
ordinance coming to our attention that 


specifically recognizes radioactive mate- 
rials as hazardous substances. 


World’s Wettest Spot? 


Man has gone Mother Nature one 
better in still another field, this time in 
producing the world’s wettest spot. 
According to the National Geographic 
Society (as reported by Quick, 8, 4, 58; 
Jan. 26, 1953), the area of the Sea- 
brook Farms cannery plant, at Sea- 
brook, N. J., was an ordinary forest in 
1949, but is now a thick jungle after 
being sprayed annually with 1,200 in. 
of the plant’s waste water. Nature's 
best average is reputedly 426 in. per 
year at Cherrapunji, India. 


Repairing Gasoline Tanks 
Tanks that have held inflammable 
liquids, such as gasoline, and need 
repairs can represent high-explosive 


= 
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bombs if flame or spark is generated 
during the work. Many persons seem 
to have the mistaken idea that flushing 
these tanks out with water will make 
them safe to work on. Such rinsing, 
however, is seldom sufficient. Steaming 
the tanks is only a little better. 

The most desirable means, according 
to a recent issue of Safety News Letter 
of the Public Employee Section, Na- 
tional Safety Council, is to empty the 
tank and then dilute the residual va- 
pors with an inert gas. Carbon dioxide 
can be used, either in the form of dry 
ice or as a discharge from a carbon 
dioxide fire extinguisher. 

Computed on the basis of producing 
a mixture where 50 per cent is CO, 
vapor, 1 lb. of dry ice or CO, should 
be sufficient for a tank of from 100- 
to 115-gal. capacity. 


Sludge Blankets—Light or Heavy? 


Like happily married couples with 
no greater worries on their minds. ac- 
tivated sludge plant operators can al- 
ways work up a good argument on the 
subject of who gets the blanket and how 
heavy it should be. The blanket in this 
case, of course, is the sludge blanket in 
the final sedimentation tank. 

As to whether the blanket should be 
light or heavy, the experience of Robert 
F. Townsend, operator of the Tucson, 
Ariz., sewage treatment plant, should 
prove of interest to other operators of 
activated sludge plants. Says Mr. 
Townsend : 


‘*Up to about a year ago (the plant 
is about 214 vears old) we had gone on 
the assumption that a sludge blanket in 
the final sedimentation tank was a ne- 
cessity. However, we made no attempt 
at controlling it other than to adjust 
the waste so that the solids in the 
aerator remained at the selected con- 
centration. We were afflicted at the 
time with the usual pains of adjust- 
ment common to any activated sludge 
plant just getting started. We turned 
out an effluent, however, with about 5 
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to 15 p.p.m. solids and the same for 
B.O.D., representing removals of from 


about 85 to 95 per cent. The return 
represented about 20 per cent of the 
flow. 

‘“‘Then we tried operating with no 
blanket in the final tanks. Brother! 
The sludge index rose out of sight. Re- 
movals dropped to about 70 per cent 
average, with some really disastrous 
days. Nothing daunted, however, we 
maintained the idea that maybe we 
were not compensating for the in- 
creased oxygen requirements. More air 
did not help, neither did less air. 
Higher solids, lower solids—nothing 
worked. Finally the return rate was 
gradually reduced, with corresponding 
reduction in sludge index, increase in 
removals, and calming of nerves. 

‘Of course we went to the other ex- 
treme, trying to keep the solids in the 
final tank as long as possible. For a 
short while this worked fine, but we 
soon found that at times of high flow 
we got mild bulking and the solids 
tended to go over the launder weir. 

‘‘At this point the return rate was 
again increased, merely to pull the 
blanket down below the weir. The re- 
sult was a beautiful effluent, with re- 
movals between 95 and 99+ per cent. 
Seldom did the solids in the effluent ex- 
ceed 8 p.p.m., with B.O.D. results in 
the same range. 

plant provides pre-aeration. 
primary settling, tapered aeration, final 
settling, and separate sludge digestion 
with external heat exchangers. The 
sewage is almost entirely domestic in 
character, the only large contributing 
industries being a nearby airbase, an 
aircraft modification plant, and the 
railroad. An attempt is made to main- 
tain about 2,000 p.p.m. solids in the 
aerator, with D.O. at the end of aera- 
tion between 0.5 and 1.5 p.p.m.”’ 


Worth-While Squeeze 


To squeeze an additional use from 
oil-soaked waste rags, let them dry 
slightly then nail them to the end of a 
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stick. It’s surprising what a good dust 
mop that combination makes, but it has 
to be run over the floor to be effective! 


Do’s and Don'ts 
for Packing, Gaskets, 
and Anti-Friction Bearings 


Packing 

1. Be sure to use the proper packing, 
both in type and size. 

2. Be sure the packing is properly 
lubricated, both when installed and in 
service. 

3. Clean out a stuffing box before in- 
serting new packing. 

4. Seat each ring evenly before ap- 
plying the next Stagger the 
joints. 

5. Take up glands evenly and let 
them leak a little at first to allow for 
expansion. 

6. Don’t expect packing to seal a 
worn, abraded, or misaligned shaft or 
rod. All you'll do is waste packing. 

7. Use top-quality materials; the big 
expenses in repacking are the labor and 
the lost working time. 

Gaskets 

1. Use gaskets as thin as possible. 
Thick gaskets are sensible only in case 
of rough surfaces or misalignment. 

2. See that flanges are clean and true 
before gasketing, and that bolts and 
studs are O. K. 

3. Use ring gaskets instead of full- 
flange gaskets—they last longer. 

4. Check the gasket to be sure it is 
centered and not oversize. 

5. Pull up evenly and tightly on 
flanges. 


one, 


Anti-Friction Bearings 

1. Don’t unwrap 
ready to mount. 

2. Don’t mount bearings on worn 
shafts. 

3. Don’t try to force a bearing on a 
shaft too big for it. 

4. Don’t use a bearing obviously too 
large for the shaft. 

5. Don’t strike the outer ring, balls, 


bearings until 
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or retainer when driving on the inner 
ring. 

6. Don’t force the outer ring into 
its housing by means of blows on the 
inner ring. 

7. Don’t overload bearings beyond 


their stated capacity. 


8. Don’t use vegetable, animal, or 
graphite lubricants. 

9. Don’t forget to protect the bear- 
ings from dirt and moisture. 

10. Don’t blame the bearing for 
trouble until the mounting is over- 
hauled. 


Sludge Pump Clean-Up 


An excellent suggestion for means 
of removing accumulating 
around a piston-tvpe sludge pump is 
contained in a recent issue of Sewage 
Gas, quarterly newsletter issued by the 
operating staff of the Boise, Idaho, 
activated sludge plant. 

The system utilizes the suction of the 
pump itself as the primary removal 
ageney. First, all drippings and spills 
from the pump and motor base are 
made to flow into a container such as 
a 5-gal. ean. A suction hose of suffi- 
cient length to reach the bottom of the 
container is attached to a valved 1-in. 
tap into a fitting or pipe on the suetion 
side of the pump. Opening the valve 
while pumping will empty the con- 
tainer simply, easily, and without mess. 


sludge 


Share the Secret 


One of the greatest curiosity killers 
we've heard of in a long while is a tip 
from one superintendent who says: 

*‘When our men are engaged in work 
on publie streets or on private prop- 
erty, the affected residents or business 
people are advised as to what is going 
on and about how long they will be 
inconvenienced. ’’ 

That’s one form of good public rela- 
tions. It’s good business, too, as it 
stops at the source the multitudinous 
questions that might otherwise plague 
the men doing the work. 


| 
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Reviews and Abstracts* 


Proceedings of the 1952 Industrial Wastes 
Conference. Oklahoma A & M College. 
122 pp. (1952). 

This is a record of the material presented 
at the industrial wastes sessions of the 
Oklahoma Water, Sewage and Industrial 
Wastes Conference held at Oklahoma 
A & M College on December 4-5, 1952. 

The following papers are included: 


“Industrial Wastes,’ by E. C., 
Warkentin. 

‘Federal Stream Pollution Control,” by 
Harold J. Stafford. 

“The Role of Plow-Pan Soils in Water 
Runoff. Stream Pollution, and Public 
Health,” by Almond D. Bull. 

“Wildlife and Stream Pollution,” by 
Carl Shoemaker. 

“Agriculture and Stream Pollution,” by 
Norman G. Flaigg. 

“Stream Pollution in Arkansas,’ 
F. L. MeDonald. 

“Water Pollution Control in Colorado,” 
by William N. Gahr. 

“Uniform Pollution Abatement Policy 
is Bringing Clean Streams to Kansas,” by 
Dwight F. Metzler. 

“Stream Pollution in Louisiana,’ 
Frank J. Coogan and Robert Lafleur. 

‘‘Missouri’s Program for Water Pollu- 
tion Control,” by L. E. Ordelheide. 

“Stream Pollution Control in New 
Mexico,” by Robert P. Lowe. 

“Water Pollution in Oklahoma,” by 
Calvin T. Grant. 

“The Water Pollution Control Program 
of Texas,” by V. M. Ehlers. 

“Control of Oil Field Wastes, by E. W. 
Hamburg. 

“Oil Refinery Wastes,” by 
Roach. 

“Waste Problems in Tulsa,” by Glenver 
McConnell. 

“Control and Disposal of Dairy Wastes,” 
by A. J. Steffen. 


’ 


by 


by 


Jack W. 


“Industrial Wastes Research at the 
Environmental Health Center,” by H. H. 
Black, C. M Tarzwell, and C. C. Ruchhoft. 

“Effect of Pollution Flowing Across 
State Lines,”’ by Fred G. Fellows. 

“Effect of Municipal and Industrial 
Wastes on Fish and Wildlife,” by A. D. 
Aldrich. 

“What the Farmers are Doing About 
the Pollution Caused by Soil Erosion,”’ by 
E. W. Schroeder. H. P. OrLtAND 


Water Pollution Research 1951. Dept. of 
Scient. and Indus. Research (Gt. Brit.); 
avail. foom H. M Stat. Off., London, 
England. 56pp. Price, 2s. 6d. ($0.35) 
+ postage (1952). 

Sewage Treatment Processes—Experiments 

in alternating double filtration at Cov- 

entry indicated that omitting sedimenta- 
tion between the two stages of filtration 
had slight effect on the quality of the final 
effluent. There was no effect on solids or 

oxygen consumed removal and only a 

slight reduction in B.O.D. removal, from 

87 to 82 per cent. Experiments at 

Birmingham on electrically-driven rotary 

distributors indicate that efficiency of 

treatment was better for slower rates of 
rotation. One revolution in 15 min. gave 

better results than one revolution in 1 to 4 

min. and also resulted in no ponding, a 

difficulty experienced at the higher rate of 

rotation. 

Experiments were initiated on the effect 
of nutrition and physical environment on 
the fungi responsible for filter ponding. 
The importance of vitamins (particularly 
of the B complex), trace amounts of 
metals, and oxygen is indicated. 

Considerable data are shown on the 
effect of spent gas liquor on sewage treat- 
ment by biological filtration. The nature 
of the liquor is indicated to be of prime 
importance. 


* Please send to Federation headquarters all periodicals, bulletins, special reports, etc., which 


might be suitable for abstracting in Tats JouRNAL. 


Publications of public health departments, 


stream pollution control agencies, research organizations, and educational institutions are par- 


ticularly desired. 
325 Illinois Bldg., Champaign, III. 
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Research on the fate of radioactive 
substances during sewage treatment in- 
dicated that adsorption of isotopes of 
sodium, phosphorus, cobalt, bromine, and 
iodine in primary sludge was small. In 
secondary treatment, however, phos- 
phorus and cobalt were strongly adsorbed. 
Because of the long half-life of the latter, 
the accumulation of this isotope in sludge 
may be troublesome. 

Experiments on dewatering of sludge in 

drying beds by electro-osmosis indicated 
that benefits to be obtained would be un- 
likely to justify the expenditure on elec- 
tricity, replacement of electrodes, and 
extra labor. 
Industrial W astes—Investigation indicated 
that penicillin manufacturing wastes, after 
neutralizing and diluting to a B.O.D. of 
275 p.p.m., could be satisfactorily treated 
on trickling filters. These wastes are 
discharged to a municipal sewage treat- 
ment plant during the night hours when 
the domestic loading is low. Recircula- 
tion of effluent increases the possible 
loading. Large-scale experiments are 
being initiated. 

Experiments on the use of chlorine in 
the treatment of black liquor from a pulp 
mill by biological filtration indicated a 
deterioration in the quality of effluent. 
The application of a chlorinated liquor to 
a trickling filter may damage the flora, 
even if residual chlorine is not detectable 
by the o-tolidine test. 

Metal cyanides up to 2 p.p.m. were 
shown to have little lasting effect on 
trickling filtration, although some of the 
cyanide was generally found in the 
effluent. 

Polluting Effects of Sewage and Industrial 
Wastes—Tests are being run to determine 
the toxicity of polluted waters to fish. 
Data are shown and mathematically 
evaluated on the effect of cyanide and 
oxygen concentration on survival of trout. 

Investigation shows that a large pro- 
portion of B. coli in river water are in- 
capable of growing on bile salts media if 
the usual technique is followed. A proc- 
ess is described for “rejuvenating” and 
thus including these organisms in the 
estimate of numbers of fecal bacteria in 
rivers. 

Research was conducted on the effect 
on viability of B. coli and Streptococcus 
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faecalis of varying pH, nutrients, oxygen 
concentration, and age of the cells. Or- 
ganisms were least viable at pH 6 to 7 in 
the range studied (pH 5 to 8). Data on 
the other factors are reported. 

The report concludes with results of the 
survey of the polluted Thames estuary. 
During July to October the estuary water 
is de-oxygenated completely over a dis- 
tance of several miles. Chlorination of 
part of the settled sewage effluent dis- 
charged into the estuary was of little 
benefit. Oxygen sag curves are shown, 
and the dissolved oxygen concentration 
is shown to be almost directly related to 
flow. A device for measuring river tem- 
peratures continuously is described. 

DanreEL A. OKUN 


Microdetermination of Chromium with 
Diphenylcarbazide by Permanganate 
Oxidation. By B. E. Sarrzman, 
Anal. Chem., 24, 1016 (1952). 

The oxidation of trivalent chromium 
with permanganate and the reduction of 
the excess permanganate with sodium 
azide is given as the preliminary step for 
determining total chromium in a sample. 
Ammonium persulfate and perchloric acid 
may produce hydrogen peroxide under 
acid conditions and thus reduce the 
chromate formed before color development 
with the diphenylearbazide. Alkaline 
oxidizing conditions may cause loss of 
chromium because of oxidation. The 
chromium .diphenylearbazide color was 
stabilized by the addition of sodium di- 
hydrogen phosphate buffer. 

R. 8. Incous 


Colorimetric Determination of Cyanide 
in Stack Gas and Waste Water. By 


F. B. FisHer anv J. S. Brown. 

Chem., 24, 1440 (1952). 

The paper describes a procedure for 
determining cyanide which develops color 
from the reaction with sodium picrate. 
The picrate is reduced by the cyanide in 
a heated alkaline reaction. The color, 
which is stable, is measured at 520 mu. to 
eliminate interference from the excess 
picrate reagent. The method is sensitive 
to 1 mg. per liter with 2 per cent accuracy 
without preliminary concentration. 

R. 8. Incous 


Anal. 
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Book Reviews 


Proceedings of the Seventh Industrial 
Waste Conference. Eng. Bull., 36, 
No. 6 (Extension Series No. 79). 
Purdue Univ., Lafayette, Ind. 569 pp. 
Price, $1.25 (Nov., 1952). 

The papers included in the ‘Proceed- 
ings” are those presented at the Seventh 

Conference, as follows: 


“Control of Industrial Wastes Entering 
Municipal Sewers,” by Carl B. Carpenter. 

“Agricultural Residues,” by A. C. Dale. 

“A Combined Water Softening and 
Plating Waste Treatment Plant Opera- 
tion,” by I. D. Cox. 

“A Study of the Possible Use of Ion 
Exchange for the Recovery of Metal from 
Electroplating Wastes,” by T. J. Fadgen. 

“Biochemical Oxidation of Dairy Wastes 
—Failure of Sodium Nitrate as a Source 
of Oxygen,” by Nandor Porges, Janet B. 
Pepinsky, Lenore Jasewicz, and Sam R. 
Hoover. 

“The Effect of Industrial Wastes on 
the Upper Potomac River,” by Ralph E. 
Fuhrman. 

“Kinetics of Removal of Soluble B.O.D. 
by Activated Sludge,” by M. Truett 
Garrett, Jr. 

“Pilot Plant Investigations of the Bio- 
logical Filtration of Petroleum Refinery 
Wastes,” by J. M. Degnan, R. G. Merman, 
and J. G. DeMann. 

“‘Ammonia-Soda Wastes and Their Dis- 
posal,” by U. T. Greene. 

“First Year Performance of General 
American’s Newest Tank Car Waste 
Treatment Plant at Saegertown, Pa.,”’ by 
Gregoire Gutzeit and Glenn Enyart. 

“Disposal of Fruit Canning Wastes by 
Spray Irrigation,” by Walter M. Hicks. 

“Air Pollution Surveys,” by William T. 
Ingram. 

“Rapid Anaerobic Digestion Studies,” 
by A. B. Davidson and H. B. Brown. 

“Chlorine Dioxide in Waste Treat- 
ment,” by R. N. Aston. 

“Apple, Cherry and Tomato Waste 
Treatment,” by J. Willis Beidler. 

“A Continuous Method for Treatment 
of Cyanide Wastes,” by D. C. Car- 
michael. 


“Pilot Plant Investigations of Biological 
Sludge Treatment of Cannery and Related 
Wastes,” by W. Wesley Eckenfelder, Jr. 

“Reduction of Phenol in Wastes from 
Catalytic Petroleum Processes,” by James 
A. Biehl. 

“After-Precipitation Resulting from 
Lime Neutralization,” by W. A. Parsons. 

“Chromate Recovery by Ion Ex- 
change,” by C. F. Paulson. 

“Anodizing Solution Regeneration by 
Ion Exchange,” by D. T. Armstrong. 

“Corn Cobs as an Animal Feed,” by 
T. W. Perry. 

“Operating Results— Demonstration 
Plant for Treatment of De-Inking 
Wastes,” by A. J. Palladino. 

“The Anaerobic Digestion of Wool 
Scour Waste,” by James K. Latham, 
James A. Lyne, and Charles F. Niles, Jr. 

“Legal Aspects of Ground Water Con- 
tamination,” by Nicholas V. Olds. 

“Studies on Digestion of End Liquor 
from Production of Monosodium Gluta- 
mate,” by A. H. Niles and J. E. Frook. 

“Textile Dye Wastes,” by N. L. Nemerow. 

“The Application of Ion Exchange Resins 
to Metallurgical Waste Problems,” by 
F. X. McGarvey. 

“Sludge Characteristics of Lime Neu- 
tralized Pickling Liquor,” by Richard Y. 
Levine and Willem Rudolfs. 

“Insurance Aspects of Industrial Waste 
Disposal,” by Richard Y. Levine. 

“B.O.D. of Synthetic Organie Chemi- 
cals,” by C. B. Lamb and G. F. Jenkins. 

“The Vacuum Evaporation of Chromic 
Acid Rinse Waters,” by C. W. Hathaway. 

“Modifications in API Separator De- 
sign,”’ by R. N. Simonsen. 

“Odor Control at Cannery Lagoons,” 
by T. F. Wisniewski and D. T. Sherow. 

“Fundamental Studies on the Removal 
of Emulsified Oil by Chemical Floccula- 
tion,” by Don E. Bloodgood and William 
J. Kelleher. 

“Application of the OCO Water System 
in the Recovery of Paper Mill Wastes,’ 
by John C. Waddell. 

“Combating Oil and Metal 
Waste Problems at Kelly 
Base,” by F. A. Sanders. 


Plating 
Air Force 
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“Factors Involved in the Location of a 
Proposed Pulp Mill on a Tidal Estuary,” 
by Robert O. Sylvester. 

“Development, Construction and Op- 
peration of an Oily Waste Treatment 
Plant,” by E. D. Solms. 

“Use of Commercial Hypochlorine So- 
lution as a Treatment Agent for Cyanide,” 
by Earl J. Roy. 

“Metal Finishing Industry Action Com- 
mittee of the Ohio River Valley Water 
Sanitation Commission,” by W. L. Pinner. 

“The Application of the Carbon Filter 
and Countercurrent Extraction to the 
Analysis of Organic Industrial Wastes,” 
by F. M. Middleton, Harry Braus, and 
C. C. Ruchhoft. 

“Oxygen Demand Tests for Organic 
Wastes,” by G. A. Rhame. 

‘Recovery of Chromate and Nickel Ions 
from Rinse Waters by Ion Exchange,” by 
A. C. Reents and D. M. Stromquist. 

“Milk Losses,” by John W. Rugaber. 

“Application of the Warburg Respirom- 
eter to Industrial Waste Analysis—Special 
Studies on Radioactive Wastes,” by Rolf 
T. Skrinde and Clair N. Sawyer. 

“Semi-Tropical Industrial Waste Prob- 
lems,” by John W. Wakefield. 

“Design Features of Activated Sludge 
Plants for Treating Milk Wastes,” by 
Paul M. Thayer. 

“Progress Report of American Electro- 
platers Society Research Projects on 
Plating Room Waste—The A.E.S. Re- 
search Program,” by W. L. Pinner. 

“Report, A.E.S. Project No. 2—De- 
termination of Impurities in Plating 
Wastes and Plating Baths,” by Earl J. 
Serfass. 

“Report, A.E.S. Research Project No. 
10—Disposal of Cyanide Wastes from 
Plating Rooms,” by Walter Zabban, 
Barnett F. Dodge, and Charles A. Walker. 

“Endogenous Respiration and Stability 
of Aerated Dairy Waste Sludge,” by Sam 
R. Hoover, L. Jasewiez, and N. Porges. 


A 20-page cumulative index for the 
first seven “‘Proceedings”’ is included. 


Handbook of Applied Hydraulics. Second 
Edition. By Catvin V. Davis. Mce- 
Graw-Hill Book Co., Inc., New York, 
N. Y. 1,272 pp. Price, $15.00 (1952). 
The new second edition of this basic 

handbook covering every branch and sub- 
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division of hydraulic engineering supplies 
a wealth of authoritative data, new design 
techniques, and useful formulas for all 
types of modern hydraulic structures. 
Four entirely new sections have been 
added on Water Hammer, Surge Tanks, 
Speed Regulation and Governing Stability, 


‘and Navigation Locks. 


Generally applicable formulas, tables, 
and diagrams are summarized for con- 
venient reference in an appendix; special 
applications are located in the section to 
which they relate. Another appendix, a 
new section, presents graphical aids to 
hydraulic computations. 

For those dealing with pipe, basin, or 
channel flows, or with the many measuring 
and flow control devices of sewage plants, 
or pumping problems as encountered in 
sewage collection and treatment, the new 
edition should prove a valuable reference 
work. Of particular interest is the chapter 
on sewage works hydraulics. 


Studies on Household Sewage Disposal 
Systems (Part II). By T. W. Benopr- 
XEN, M. Berk, J. P. SHeeny, Aanp S. R. 
WeErBEeL. U. S. P. H. S., Environ- 
mental Health Center, Cincinnati, Ohio. 
94 pp. (1950). 


This is the second of a series of reports 
on a program of studies on septic tanks 
and their effectiveness as household sew- 
age disposal units. Part I was reviewed 
in THis JouRNAL, 23, 1, 124 (Jan., 1951). 
Included in the current coverage are the 
following topics: 


1. Septic tank 
studies. 

2. Experimental studies of tank inlets, 
outlets, and intercompartment appurte- 
nances. 

3. Field studies of possible modifica- 
tions of the percolation test method. 

4. Examination of field survey data on 
absorption systems. 

5. Permeability conditions in operating 
tile fields. 

6. Soil clogging effects of septic tank 
effluents. 


compartmentation 


Most of the work reported is incom- 
plete, the report being in the nature of a 
supplementary progress report. 


H. P. ORLAND 
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Trapped—fiames, pressures, sediment and 
moisture in service lines, that would other- 
wise play havoc with proper functioning of 
the digester gas system at sewage treat- 
ment plants. This soundly engineered P.F.T. 
gas safety equipment assures positive pro- 
tection and trouble free operation. Detailed 
in Bulletin 321. 


P.F.T. Model No. 91 Flame Traps. As dependable 
and responsive as the fuse in an electrical circuit. Honey- 
comb cell in head of trap permits gas to flow through, 
but not flame. If flame does not quickly burn out, resultant 
heat melts “fuse”, causing spring loaded valve to close, 
shutting-off flow of gas from digester. Available in 2", 
3", 4" and 6" pipe sizes. 


P.F.T. Model No. 92 Pressure Re- P.F.T. Model No. 1021 Accumulators for Con- 
lief, Sensitive, weighted diaphragm. densate and Sediment. Traps condensate sedi- 
operated relief valve, designed to ment and removes slime producing foreign matter, 
te keeping gas lines free. 5-gallon capacity. Inspection 
burned in waste gas burner. Avail- pipe to determine lati Top re bl 
able in sizes 2” to 6”. for cleanout. Sizes 2" to 4". 


maintain pressure in ges system and 


| 

| P.F.T. Waste Gos Burners. 
| Employed to burn excess ges 
| to eliminate odor nuisance and 
herard. Refractory beffied com- 


bustion chamber. Pilot light. 
P.F.T. Model No. 420 Low Pres- 


sure Check Valve. For multiple 


P.F.T. Model No. 466 


Insulated pedestal. Sizes 2" to 
Drip Trap. Installed at all 6". 


low points in gas piping 
flow of gas into digester when hand- ! system for removal of con- 


digester installations. Prevents beck- 


hole or sempling well is opened for | densete. Gas cannot escape 
inspection or sampling. Available in when handle is turned to 
sizes 2° to 4” drain trap. 


4241 RAVENSWOOD AVE. CHICAGO 13, ILLINOIS 
MEW YORK @ LOS ANGELES SAN FRANCISCO © CHARLOTTE, JACKSONVHLLE © 
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WEST VIRGINIA SEWAGE 
AND INDUSTRIAL WASTES 
ASSOCIATION 


The 6th Annual Meeting of the West 
Virginia Sewage and Industrial Wastes 
Association was held at the Chancellor 
Hotel, Parkersburg, W. Va., on Oc- 
tober 3-4, 1952. The registration of 
164 established a new attendance rec- 
ord. 

At the business meeting the follow- 
ing officers were elected to serve dur- 
ing 1952-53: 


President: A. R. Todd, Wheeling. 

Ist Vice-President: W. D. Kelley, 
Charleston. 

2nd Vice-President: J. F. Vogler, Wil- 
low Island. 

FSIWA Director (1953-56): R. F. 
Rocheleau, Charleston. 


SEWAGE AND INDUSTRIAL WASTES 


Secretary-Treasurer: G. O. Fortney, 


Charleston. 


A feature of the meeting was an in- 
spection trip to the new waste treat- 
ment plant at the Willow Island plant 
of American Cyanamid Co. 

G. O. Fortney, 
Secretary-Treasurer 


PENNSYLVANIA SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The 24th Annual Conference of the 
Pennsylvania Sewage and Industrial 
Wastes Association was held at State 
College, Pa. August 27-29, 1952. 
About 250 persons registered for the 
Conference. 


(Continued on page 146a) 
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_ SNOW GATES 


| SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular opening in sizes up 
to and including 72 inches. 


ALL SNOW GATES and Lifts are ‘“Parker- 
ized” for protection against rust and corrosion. 


Over 40 years continuous service to the in- 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW IRRIGATION SUPPLY CO. 


2437 East 24th Street 


for 


Los Angeles 54, Calif. 


Proceedings of Member Associations 
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Lithographed on stone for U. S. Pipe and Foundry Co. by lohn A. Noble, A. N. A. 


Tus RURAL SCENE is not an unusual 
background for cast iron pipe. The installation 
might be a water supply line for a city 
nearby. It could be a sewer force main 
leading to a treatment plant. Also it might 

be a gas transmission line for a city, in 

which case it would unquestionably be of 

the mechanical joint type. 


U. S. cast iron pipe in sizes 2-inch through 
24-inch are cast centrifugally in metal molds 
with bell-and-spigot; mechanical joints and 
plain ends. All sizes of flexible joint and 
integral flange pipe and all pipe 30-inch and 
larger are cast by the pit cast process. By 
whichever process the pipe is made, high 
quality is assured with the modern control 
methods employed during its manufacture. 


United States Pipe and Foundry Co., 
General Offices, Burlington, N. J. Plants 
and Sales Offices Throughout the U. S. A. 


cast iron 


ROM HR CAS 


145a 
5 
= 
U. S 
ay 


SEWAGE AND INDUSTRIAL WASTES 


ENGINEERS 
WANTED! 


Engineers anfl Draftsmen wanted 
by well-established Middle West- 
ern engineering firm, including 3 
structural engineers, 2 architec- 
tural designers, 3 designers of 
sewage treatment plants, 1 me- 
chanical man for plumbing and 
heating, 2 designers of water puri- 
fication and softening plants, 3 
highway bridge designers, and 12 
draftsmen to do detailing on re- 
inforced concrete, plumbing, heat- 
ing, and industrial piping. Ex- 
cellent working conditions, in- 
cluding non-contributory pension 
plan, group life insurance, and 
Blue Cross insurance. Excel- 
lent opportunities for substantial 
progress for well-qualified men. 


Consoer, Townsend and Associates 
351 E. Ohio St., Chicago II, Ill. 


28 included a 
Works Symposium on _ acti- 
vated sludge plant operation, applica- 
tion and maintenance of electrical 
equipment for sewage plants, and job 
analysis and classification, as well as 
an Industrial Wastes Symposium on 
treatment of wastes from metal finish- 
ing, dairy products manufacture, acid 
mine drainage, and petroleum refining. 

The August 29 session included pa- 
pers on grit collection and condition- 
ing, sedimentation basin design, and 
sludge digestion and disposal. 

At the bnsiness meeting a volun- 
tary operators certification plan was 
adopted, on the basis that industrial 
waste operators be excluded. 

Officers elected to serve 
1952-53 were as follows: 
President: R. F. Weston, Philadelphia. 
Ist Vice-President: T. R. Haseltine, 

Pittsburgh. 
2nd Vice-President: G. J. Wiest, Phila- 

delphia. 

(Continued on page 148a) 
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RECTANGULAR 


Particularly suitable where space is limited 
or where sludge delivery is desired at one 
end of tank. Consists of a bridge crane 
spanning width of the tank, supporting 
sludge scraper and skimmer, which moves 
automatically back and forth. 


Many of these units are now operating 
in sewage plants throughout the country. 


This unit has also proven highly success- 
ful as an oil-water separator in the treat- 
ment of oil refinery waste water. Bul- 


letin 31-D-16. 


COMPANY, 


YORK, PENNSYLVANIA — 240 Arch St. Main Office and Works 


CLARIFIERS 


FOR 
SEWAGE 
AND 
TRADE 
WASTES 


NEW YORK 17 @ SAN FRANCISCO 11 @ CHICAGO 6 @ HIBBING. MINN. @ TORONTO 1 


122 €. 42nd St. 24 California St. 


205 Wacker Dr 


2016 First Ave. 200 Bay St. 


146a 
% 
—, 
#53 


SEWAGE AND INDUSTRIAL WASTES 


EVEL your, 


is ready 

to meet 

your every 
requirement... 


Manually Oper- 
ated Sluice Gate... 
Settling basin drain 


1OWA Motor Oper- 
ated Gate Valve. 
Sewage plant influent 


IOWA’S complete 
line of gate valves, check 
valves, flap valves, shear gates, mud 
valves and sluice gates is specially designed 
for severe and particular operating 
conditions in sewage disposal 
plants, sewage pumping stations or 
wherever sewage flow control 
is required. Let us help you solve 
your problems. Specify IOWA products 

and get the best. 


IOWA VALVE COMPANY 


A Subsidiary of James B. Claw & Sons 
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FSIWA Director: H. T. 
Ridgway. 


Reuning, 


Secretary-Treasurer: B. Bush, 
Wilkes-Barre. 
BERNARD S. BusH, 


Secretary-Treasurer 


PACIFIC NORTHWEST 
SEWAGE AND INDUSTRIAL 
WASTES ASSOCIATION 

The Pacific Northwest Sewage and 
Industrial Wastes Association held its 
19th Annual Meeting in the Hotel 
Multnomah, Portland, Ore., on Oc- 
tober 23-25, 1952. Although this was 
the first Association meeting not held 
jointly with the Pacific Northwest Sec- 
tion of AWWA, it drew a record reg- 
istration of 216. 

At the meeting the Federation’s 
Bedell Award was presented to Ray 
E. Koon. In addition, the Washing- 
ton State Operators’ Certification Plan 
(voluntary) was formally inaugurated 
with presentation of the first group of 
certificates. Operation awards of the 
Association for plants in the various 
population groups were presented to 
A. J. Wahl, Boise, Idaho; Kenneth E. 
Mathews, Ellensburgh, Wash.; and 
George Adriance, Moses Lake, Wash. 

Officers for 1952-53 were elected as 
follows : 


President: C. M. Everts, Jr., Portland, 
Ore. 

Vice-President: J. H. 
Seattle, Wash. 


Melton, Jr., 
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FSIWA Director (1953-56): E. C. 
Jensen, Seattle, Wash. 

Secretary-Treasurer: R. O. Sylvester, 
Seattle, Wash. 


The meeting closed with field trips 
to the newly constructed sewage treat- 
ment plants at Portland, Ore., and Van- 
couver, Wash. 

Rosert O. SYLVESTER, 
Secretary-Treasurer 


ALABAMA WATER AND 
SEWAGE ASSOCIATION 
The 7th Annual Short School and 
Conference of the Alabama Water and 
Sewage Association was held at Ala- 
bama Polytechnic Institute, Auburn, 
Ala., June 2-6, 1952. About 85 per- 
sons registered for the meeting. 
Officers for 1952-53 were elected as 
follows: 
President: C. Hammond, Gadsden. 
Vice-President: C. W. Veazey, Alex- 
ander City. 


Treasurer: D. H. McLean, University. 
Secretary: A. O. Taylor, Auburn. 
ALEX QO. TAYLOR, 
Secretary 


SOUTH DAKOTA WATER 
AND SEWAGE WORKS 
CONFERENCE 

The 18th Annual Meeting of the 
South Dakota Water and Sewage 
Works Conference was held at Pierre, 

(Continued on page 150a) 


industrial waste should have a copy’ 
which is even better than ever. 
the book a classic since 1922. but it is 


struction, and nia census figures . 


1953 674 pages 


New, streamlined 7th edition... 


SEWERAGE AND SEWAGE TREATMENT 


By HAROLD E. BABBITT, University of Illinois 
Here is the book of which Pustic Works MacazineE said: 
“every sanitary engineer whose duties touch on sewerage or 
. now in a new edition 


e which has made 
rought up-to-date 
with all the important new developments i in sewer design, con- 
. Newest sewer protec- 
tion methods, uses of chlorination and detergents, etc. 


This new edition retains the vast — 


$8.00 


Write today for a copy on 10-day approval 
JOHN WILEY G SONS, Inc., 440 Fourth Avenue, New York 16, N. Y. 


Ee 
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ALUMINUM SULFATE::- one of 19 
General Chemical Products for . 
| the Water and Sewage Industry — 


ENERAL 
NEW YORK CORE 


Among the many “Basic Chemicals for American Industry” 
which General Chemical produces, the following are widely 
used by the Water Industry. For your requirements, write or 
phone the nearest General Chemical office listed below. 


COAGULATION BOILER WATER 


Alumi Sulfate, Standord Sodium Sulfate, Anhy. 
Aluminum Sulfate, Liquid Disodium Phosphote, Anhy. 
Ammonium Alum Trisodium Phosphote 
Potassium (Potash) Alum Sodium Silicate 

Sodium Silicate Sulfuric Acid 


FLUORIDATION CORROSION CONTROL 


Sodium Silicate 
Sodium Fluoride 
Sodium Silicofvori Tetrasodium Pyrophosphate 


For Laboratory Analyses: 
Baker & Adamson 
Laboratory Reagents 
For Other Uses: 
DECHLORINATION Glouber's Salt, Crystal 
Sodium Sulfite Aqua Ammonia 
Sodium Bisulfite, Anhy. Hydrochloric Acid (Muriatic) 
Sodium Thiosulfate Copper Sulfate 


GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 RECTOR STREET, NEW YORK 6, N. Y. 
Offices: Albany * Atlanta * Baltimore * Birmingham * Boston * Bridgeport * Buffalo * Charlotte * Chicago 
Cleveland* Denver* Detroit*Greenville ( Miss.) * Houston * Jacksonville * Kalamazou® Los Angeles * Minneapolis 
New York * Philadelphia * Pittsburgh * Providence * San Francisco * Seattle * St. Louis * Yakima (Wash) 
In Wisconsin: General Chemical Company, Inc., Milwaukee 


In Canada: The Nichols Chemical Company, Limited - Montreal * Toronto * Vancouver 
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S. Dak., September 17-19, 1952. A 
total of 90 persons registered for the 
meeting. 

Officers elected for 1952-53 included : 
President: A. T. Hanson, Sioux Falls. 
Vice-President: D. Wessel, Mobridge. 
Secretary-Treasurer: C. E. Carl, Pierre. 

CHARLES E. Cart, 
Secretary-Treasurer 


KANSAS SEWAGE WORKS 
ASSOCIATION 

The 1952 Annual Meeting of the 
Kansas Sewage and Industrial Wastes 
Association was held September 3-5, 
1952, at the University of Kansas, 
Lawrence, Kans., in conjunction with 
the Annual Water and Sewage Works 
School. Registration for the meeting 
totaled 125. 

At the business meeting, action was 
taken to change the organization name 
to Kansas Sewage and Industrial 
Wastes Association. 

Officers elected for 1952-53 were: 
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President: H. Ramage, Lyons. 
Vice-President: W. Parr, Topeka. 
Secretary-Treasurer: D. F. Metzler, 
Lawrence. 
Dwicut F. METZLERr, 
Secretary-Treasurer 


IOWA SEWAGE WORKS 
ASSOCIATION 


The 34th Annual Meeting of the 
Iowa Sewage Works Association was 
held at Grinnell College, Grinnell, 
Iowa, September 9-11, 1952. 

At the business meeting, action was 
taken to approve adoption of the Op- 
erators’ Voluntary Certification Plan, 
which had been under consideration 
for some time. 

Officers elected for 1952-53 were: 
President: J. L. Strelow, Davenport. 
Vice-President: H. F. Seidel, Ames. 
Secretary-Treasurer: Leo Holtkamp, 

Webster City. 

Leo HouTKAmp, 
Secretary-Treasurer 


Copies needed of the following back numbers of 


SEWAGE WORKS JOURNAL 


1928—October 
1932—January, May 
1933—May, July 
1934— January 
1935—May, July 


1939—January 

1941—May 

1944—January, May 
1946—January, March, September 
1947—January, September 


SEWAGE AND INDUSTRIAL WASTES 
1950—July 


Fifty cents plus postage will be paid for each copy in good condition 


FEDERATION OF SEWAGE 
AND INDUSTRIAL WASTES ASSOCIATIONS 


325 ILLINOIS BUILDING, CHAMPAIGN, ILLINOIS 


SEWAGE AND INDUSTRIAL WASTES 


Select from this list of five differs 

and you will get the best type. yrs your y 
particular problem whether it is trash, 
garbage, sewage sludge, 
organic matter... separat 
combination. 


ell and Heart 
(2) Circular Hearth and 


Burning 
(3) Multiple Zone Furnace—Mechan: 
ically Stoked 


@ For Garbage, Rubbish and Sewage 
Sludge 


9 
(4) Circular Unit, Mechanically 
Stoked, with Separate Compart- 
ment for Sewage Sludge Reduc- 
tion 
@ For Garbage and Trash (Individual 
Buildings) 
(5) Kernerators (Flue-Fed and 
Ready-Built) 


Our incinerator experience goes back 
nearly sixty years. Our work is guar- 
anteed. Our incinerators are constructed 
under the supervision of our own field 
men who stay with it until the unit is 
in operation, fully broken in and crews 
instructed. 


MORSE BOULGER DESTRUCTOR CO. 


205-S East 42nd St. New York 17, N. Y. 


Representotives in Principal Cities 
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Equipment and Supply Lines 


Scales—New 28-page Catalog No. 
11 includes specifications of complete 
selection for every weighing require- 
ment from 1/64 oz. to 400 tons—Howe 
Seale Co., Rutland, Vt. 


Manometers—A 12-page manual 
gives detailed information on installa- 
tion, operation, and maintenance of 
various types and applications of 
manometers.—King Engineering Corp., 
Box 510, Ann Arbor, Mich. 

Protective Coatings—A new 44-page 
catalog describes Gibsonite base pro- 
tective coatings, their properties, 
uses, and tests to which they have 
been subjected. Such related prod- 
ucts as caulking compounds, prim- 
ers, and membraning materials also 
are described.—Insul-Mastie Corp. of 
America, 1141 Oliver Bldg., Pittsburgh 
22, Pa. 

Stationary Diesels—Bulletins 5200 
and 5201 describe Superior stationary 
diesel engines in capacities from 215 to 
1,440 h.p. The engines are available 
as supercharged or naturally aspirated 
units, and for straight diesel or dual- 
fuel operation—National Supply Co., 
Springfield, Ohio. 

Clarifier—The Rex Verti-Flo set- 
tling tank is explained and detailed 
in new 12-page Bulletin 52-77.—Chain 
Belt Co., P. O. Box 2022, Milwaukee 
1, Wis. 

Waste Paper Treatment—Bulletins 
No. F10-B63, F9-B3, and P10-B4 de- 
scribe, respectively, flotation, disc filter, 
and pumping equipment especially 
adapted to waste paper treatment serv- 
ice.—Denver Equipment Co., 1400 17th 
St., Denver 17, Colo. 


Corrosion-Resistant Coating—Form 
S-5251 gives properties and applica- 
tions of Riewilite 7100, a cold-setting 
phenolic resin protective coating for all 
types of equipment and units.—Ric- 
Wil Plastic Coating and Mfg. Corp., 
1290 Euclid Ave., Cleveland 15, Ohio. 


Liquid Level Control—Applications 
and specifications for bubbler-type liq- 
uid level control using compressor or 
bottle-gas unit are contained in Bul- 
letin No. 1650—Automatie Control Co., 
St. Paul 4, Minn. 


Plumbing Drainage Products—New 
208-page Catalog K gives data and 
specifications for all types of plumbing 
drainage products, together with in- 
stallation diagrams and selection illus- 
trations—Josam Manufacturing Co., 
Dept. X51, Michigan City, Ind. 

Control Panels—New developments 
in automatic control panel design and 
construction permit mounting of more 
instruments at no increase in operating 
space or sacrifice of maintenance ease. 
Advancements include complete acces- 
sibility through utilization of vertical 
support areas, ease of floor opening 
and external connection location in ad- 
vance of panel installation, tubeways 
with centralized distribution points, 
and adjustable wall racks to facilitate 
mounting of additional equipment.— 
3ailey Meter Co., 1050 Ivanhoe Road, 
Cleveland 10, Ohio. 

Plastic Pipe—Data on head loss due 
to friction in Carlon plastic pipe have 
been made available in the form of 
graphs and charts.——Carlon Products 
Co., 10225 Meech Ave., Cleveland 5, 
Ohio. 

Flexible Tubing—Catalog C2-3 de- 
scribes complete line of flexible tubing 
for pressure or vacuum, in diameters 
from 1 to 30 in.—Flexible Tubing 
Corp., Guilford, Conn. 

Pumps—Revised Bulletin G-52 gives 
applications for complete line of 
centrifugal, diaphragm, and plunger 
sludge pumps.—Marlow Pumps, Ridge- 
wood, N. J. 

Submerged Combustion— A new bul- 
letin describes applications and advan- 
tages of submerged combustion instal- 
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LINK-BELT Straightline Sludge Collectors help treat 


BILLION GALLONS 


of sewage per day 


AUTOMATIC SCUM ADJUSTABLE 
SKIMMER) TROUGH, ,WEIR 


INFLUENT 


All submerged bear- 
ings are of the Peak- 
Cap type, prevent 
accumulation of 
sludge on them. 


Easy, economical sludge removal 
provided for water and industrial waste 
treatment plants 


Since the first Straightline Sludge Collector went 
into service at Gastonia, N. C., in 1921, the 
great majority of the country’s rectangular set- 
tling tanks have been equipped with this Link- 
Belt design. Straightline action provides the 
shortest possible travel of collected material at 
slow, uniform speed. Result: minimum disturb- 
ance of flow and maximum efficiency. In addi- 
tion, they have a proven record for uninterrupted 
operation with minimum attention. 


Long-wearing chain 
of Promal combines 
great tensile strength 
with high abrasion 
and corrosion re- 
sistance. 


Pivoted flights fol- 
low contour of tank, 
compensate for 
wear, assure positive 
cleaning even in 
corners. 


Straightline Collectors are part of the com- 
plete Link-Belt line of quality equipment. Our 
sanitary engineers will be glad to work with 
your engineers, chemists and consultants—help 
you get the best in modern water, sewage or 
industrial liquids treatment equipment. 


LINK{@}BELT 


SANITARY ENGINEERING EQUIPMENT 


LINK-BELT COMPANY: Plants: Chicago, Indianapolis, 
Philadelphia, Atlanta, Houston, Minneapolis, San — 
cisco, Los Angeles, Seattle, Toronto, Springs (South 
Africa), Sydney (Australia). Sales Offices in Principal 
ties. 12,972 


Straightline Collectors, for both primary and final settling tanks, equip plants from 80,000 up 
to 600,000,000 nar Shown here: a 600,000,000 gpd plant (left) and 6,000,000 gpd (right). 


/. 


& 
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lations in several industries. Of par- 
ticular note is the evaporation of paper 
manufacturing waste liquors to reduce 
volume, and heating and agitation in 


digester operation.—Submerged Com- 
bustion Co. of America, Inc., Ham- 
mond, Ind. 

Sludge Gas Meter—Description of 
a low head loss sludge gas meter, its 
installation, and use, are featured in a 
new Engineering Data Sheet No. 833- 
11—The Foxboro Co., Foxboro, Mass. 

Kennison Nozzle—Technical Bulle- 
tin No. 135—J5 presents application 
and engineering data on the Kennison 
nozzle, in sizes from 6 to 36 in., for 
measuring the flow of liquids with and 
without suspended matter—Builders- 
Providence, Inc., 345 Harris Ave., 
Providence, R. I. 

Air Line Moisture Indicator—Bul- 
letin 323 describes a visual air and gas 
line moisture indicator—King Engi- 
neering Corp., Ann Arbor, Mich. 

Rotary Distributor Jets—Bulletin 
313A describes the function and ap- 
plication of spreader jets for rotary 
distributors. Spreader jets with both 
removable and hinged deflectors are 
covered.—Pacific Flush Tank Co., 4241 
N. Ravenswood Ave., Chicago 13, IIl. 

pH Control—Practical process ap- 
plications in industrial measurement 
and control of pH are contained in 
Bulletin 430-1, which also shows in- 
strument details and accessory equip- 
ment.—The Foxboro Co., Foxboro, 
Mass. 

Check Valves—New 2-page Bulle- 
tin WS-1 fully describes hydraulic 
double-cushioned check valve applica- 
tion, construction, and specifications.— 
Golden-Anderson Valve Specialty Co., 
2125 Keenan Bldg., Pittsburgh 22, Pa. 

Leak Sealer—A liquid applicant for 
use on concrete is claimed to seal di- 
rect leaks, against pressure, even with 
unskilled labor, in 30 seconds.—Dasco 
Chemical Co., Inc., Baltimore 31, Md. 

Heat-Bonded Paint—‘‘Super-Hot,’’ 
a heat-resistant, anti-corrosive, protec- 
tive coating for practically all metal 
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surfaces, bonds permanently to metal 
surface at temperatures above 800° F. 
It may be applied directly to rusty, 
moderately greasy, or oily surfaces and 
maintains its protective and decorative 
aluminum finish up to 1,600° F.— 
Sheffield Bronze Paint Corp., 17814 
Waterloo Rd., Cleveland 19, Ohio. 

Gas Engines—New Bulletin S-590- 
B18A describes and gives specifications 
for 4-cycle, spark ignition gas engines. 

Worthington Corp., Harrison, N. J. 

Variable-Speed Motor Drives—Both 
upright and vertical variable-speed 
drives in the range from }, to 71% hp. 
are described in detail in Bulletin 
AS-1600-B6, together with problems of 
service, operation, and maintenance.— 
Worthington Corp., Harrison, N. J. 

Portable Engine-Generator Sets— 
Development of a wheelbarrow base 
type attachment for portable engine- 
generator sets has been announced. 
The base may be attached or detached 
from the standard cradle base of the 
units in a matter of minutes.—Win- 
charger Corp., Sioux City 2, Iowa. 

Crown Couplings—New Bulletin 
2200 gives specs and applications for 
rubber-bushed crown couplings.—De 
Laval Steam Turbine Co., Trenton 2, 
N. J. 

Sewer Jointing System—lIllustrated 
6-page bulletin describes a system of 
sewer jointing with cold asphaltic com- 
pounds that is claimed to make water- 
tight, flexible, economical, and root- 
proof joints, even under wet conditions 
and adverse temperatures.—Presstite 
Engineering Co., 39th and Chouteau, 
St. Louis 10, Mo. 

Liquid-Level Control—A new elee- 
trical system for liquid-level control 
and indication is described in Bulletin 
GEA-5766 on ‘‘Thermasul.’’—General 
Electric Co., Schenectady 5, N. Y. 

Pneumatic Controller—Catalog C-50 
describes pneumatic controllers for use 
in flow-rate, differential pressure, liq- 
uid-level, viscosity, pressure, and 
temperature applications.—Fischer & 
Porter Co., Hatboro, Pa. 
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Chicago District sewer service with 


CONCRETE PIPE 


The Sanitary District of Chicago, 
which includes most of Cook 
County, recently extended its Up- 
per Des Plaines intercepting sewer 
to provide additional service for 
outlying residential and industrial 
areas. An area of about 6,000 
acres will ultimately be serviced 
by the new line, which extends 
along North Avenue for approxi- 
mately four miles. 


A total of 10,209 ft. of 42-in. re- 
inforced concrete pipe (ASTM 
specification C-76-41, Table II) was 
used. The pipe was placed in an 
open trench 22 ft. deep with a 


bedding of Class B concrete under 
and around it to the spring line to 
a minimum thickness of 8 in. To 
minimize after-settlement backfill 
was flooded and well tamped. 


In hundreds of installations from 
coast to coast concrete pipe has 
demonstrated its rugged durability, 
great structural strength, maximum 
hydraulic capacity, minimum infil- 
tration and leakage and unusual 
resistance to abrasive matter. Yet 
concrete pipe is moderate in first 
cost, requires little or no mainte- 
nance, gives extra long service. 
Result: true Jow annual cost. 


AMERICAN CONCRETE PIPE ASSOCIATION 


228 NORTH LA SALLE STREET, CHICAGO 1, ILLINOIS 
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DIRECTORY OF ENGINEERS 


(Continued through page 161a) 


ALBRIGHT & FRIEL, INC. 
FRANCIS S. FRIEL 


Consulting Engineers 
WATER, WASTE AND 
AIRFIELDS, REF 
INDUS TRIAL BUILDINGS 
CITY PLANNING VALUATIONS 
REPORTS LABORATORY 


Suite 1509-18 
121 S. Broad St. PHILADELPHIA 7 


ALVORD, BURDICK & HOWSON 


Engineers 


Charles B. Burdick Louis R. Howson 
Donald H. Maxwell 


Water Works, Water on ~~ 

Flood Relief, Sewerage, ewa 

Disposal, Drainage, 
Power Generation 


Civic Opera Building Chicago 


JOHN J. BAFFA 
Consulting Engineer 


Sewerage & Sewage Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 
Investigations & Rate Studies 


75 West Street New York 6, N. Y. 


MICHAEL BAKER, JR., Inc. 
The Baker Engineers 
Civil Engineers, Planners, and Surveyors 
Municipal Engineers— Airport —Sewage Disposal 
Systeme— Water Works Design and Operation—Surveys 
and Planning Highway Design—Construc- 
tion Surseye—Pipe Line Surveys 


Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 


Water Supplies Water Treatment 
Sewer Systems Sewage Treatment 
Industrial Waste Treatment 
Investigations 


Crystal Lake, Illinois 


P. O. Box 67 


W. H. & L. D. BETZ 
Consulting Engineers 


Industrial Waste 
Industrial Water 


Analysis Design 
Investigations Operation 
Gillingham & Worth Sts. Philadelphia 24, Pa. 


SEWAGE - WATER - 


4706 Broadway 


BLACK & VEATCH 


Consulting Engineers 


INDUSTRY 


ELECTRICITY 


Reports, Design, Supervision of Construction 
Investigations, Valuation and Rates 


Kansas City 2, Missouri 


CLINTON L. BOGERT ASSOCIATES 
Consulting Engineers 

CuLinTon L. BocertT Ivan L. BoGerT 

J. M. M. Ropert A. LINCOLN 

DONALD M. DITMARS ARTHUR P. ACKERMAN 


Water and Sewage Works 


Refuse Disposal Industrial Wastes 
Drainage Flood Control 


624 Madison Ave., New York 22, N. Y. 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 


Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


Take advantage of the services 


these outstanding consultants! 
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Engineers 
Sewerage—Sewage Treatment 
Water 

Refuse Dis 
Municipal— pdustrial Projecta 
Valuations— Reporte— Designs 


110 William Street New York 7, N. Y. 


BROWN AND BLAUVELT 
Consulting Engineers 


Water Supply Airports 

Sewer Systems Highways 

Sewage Disposal Plants Industrial Buildings 

Industrial Wastes Probl Railroad 
468 Fourth Avenue New York 16, N. Y. 


BUCK, SEIFERT AND JOST 
Consulting Engineers 


and 
aluations and R 


and Biological 
112 East 19th Street New York 3, N. Y. 


BURGESS & NIPLE 
Civil and Sanitary Engineers 
Established 1908 
Water supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Airports Municipal Engineering Supervision 


584 E. Broad Street Columbus 15, Ohio 


BURNS & McDONNELL 
Consulting and Designing Engineers 


Kansas City 2, Mo. Cleveland 14, Ohio 
P.O. Box 7088 1404 E. 9th St. 


ONLY $60 PER YEAR 
is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage works field and will afford 
maximum prestige! 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Ri 
esearch an velopment 
Flood Control 


6 Beacon St. Boston 8, Mass. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors— Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 

Planning Airports 
Bridges Dams 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants-Incineration-Gas Systems 

Valuations—Rates—-Management 

Laboratory—-City Planning 


210 E. Park Way, Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 


Municipal Industrial 
Commercial 


220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply —Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 

351 East Ohio St. Chicago 11, Ill. 


Don’t be sixth... 


to send in your professional card for 
listing in The DIRECTORY OF 
ENGINEERS. There are just five 
more available spaces remaining for 
card listing among these outstanding 
specialists. 


It pays to secure competent and experienced engineering advice! 
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Damon & Foster 
Consulting Civil Engineers 
Surveyors 
Sewerage, Sewage Disposal, Water Supply, 


Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


FREDERICK H. DECHANT 
ENGINEER 
Chairman of the Board, Frederic R. Harris Inc. 
Water Works, Industrial Wastes, 
Sewerage, Recovery Processes, 
Hydraulic Works, Gas Plante 
Philadelphia: Fidelity Phila. Trust Bidg. 
New York: 27 William St. 


DE LEUW, CATHER & COMPANY 


Water Supply Sewerage 
Railroads Highways 
Grade Separation—Bridges—Subways 
Local Transportation 


Investigations — Reports — Appraisals 
Plans and Supervision of Construction 


150 North Wacker Drive Chicago 6 
505 Colorado Bldg. Washington 5 


DODGE, BLISS and WALKER 
Chemical Engineers 


Specialists in Waste Treatment 
Surveys and Investigations 
Research and Development 
Design of Treatment Plants 


108 Middle Road Hamden, Connecticut 


CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installations 


Electro Rust-Proofing Corp. (N.J.) 


Belleville 9, New Jersey 


Your firm should be 
listed here 


... the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


FAY, SPOFFORD & THORNDIKE 
ENGINEERS 

CHARLES M. SporrorD W. 

JOHN AYER WILLIAM L. HYLAND 

Bion A. BOowMAN Frank L. LINCOLN 

CaRBOLL A. FARWELL HowakpD J. WILLIAMS 


Water and Distribution—Drainage 
Sewerage and Sewage Treatment—Airports 


FINKBEINER, PETTIS & STROUT 


CarteTon 8. Cuarves E. Perris 
Harotp K. Strout 


Consulting Engineers 


Reports, Designs, Supervision, 
Water Supply, Water Treatment, Sewerage, 
Sewage Treatment, Wastes Treatment, 


Supervision of Construction aluations - 
eatues Maw York 518 Jefferson Avenue Toledo 4, Ohio 


FREESE, NICHOLS AND TURNER 
Consulting Engineers 


2111 National Standard Building 
Houston 2, Texas 


CH-1624 


FROMHERZ ENGINEERS 
Structural - Civil - Sanitary 
Four Generations Since 1867 
Water Supply; Sewerage; Structures; 
Drainage; Foundations 
Investigations; Reports; Plans and 
Specifications; Supervision 


823 1/2 Poydras St. New Orleans, La. 


EDWARD A. FULTON 


Censulting Engineers 


Investigations, Reports, Valuations, De- 
sign and Construction—Water Supply and 
Purification Plants; Sewerage and Sew- 
age Treatment Works; Municipal Pavin 
and Power Developments; ams an 
Flood Control 


3269 Brown Road Saint Louis 14, Misseari 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Dams, Water Works, Sewage, Industrial Wastes & Gar- 
bage Disposal, Highways, Bridges & Airports, Traffic & 
Parking—Appraisais, Investigations & Reports. 
HARRISBURG, PENNA. 


Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fla. Pleasant- 
ville, N. J. Chesapeake, W. Va. 


Take advantage of the services 


of these outstanding consultants! 
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GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


New York 
Houston 


READING, PA. 


Phisdeinbia 1001 N. Front Street 


of Operation 


GLACE AND GLACE 
Consulting Sanitary Engineers 


Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 


Design, and Supervision 


Harrisburg, Pa. 


GREELEY & HANSEN 


Engineers 
Samuel! A. Greeley Paul Hansen (1920-1944 
Paul E. Kenneth V. 
Thomas M. Niles Samuel M. Clarke 


Water Supply, Water Purification 


Sewerage. 


Flood Control, 


Treatment 


rainage, Refuse Disposal 


220 8. State Street, Chicago 4 


Industrial Was 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 


Official Professional Journal of the 
Sewage a 


tes 


ield! 


JOHN J. HARTE CO. 
Engineers — Architects 


284 Techwood Drive, N. W. 


Atlanta, Georgia 


Leader Bldg. 
Cleveland 14, O. 


H. H. Moseley 
Consulting Engineers 


HAVENS AND EMERSON 


W. L. Havens A. 
A. pa F. C. Tolles F. 


Water, Seweracs, GaRBaGe, INDUSTRIAL 
WaSTES, VALUATIONS—LABORATORIES 
Woolworth Bidg. 

New York 7, N. ¥. 


Emerson 
W. Jones 
J. W. 


Avery 


HAZEN AND SAWYER 
ENGINEERS 
Aurrep W. Sawver 


Ricaarp Hazen 


Munteos and Industrial Water Supply 
Purification and Distribution 
Sewage Works and Waste Disposal 


Investigations, Design, 
Supervision of 


New York 17, N. Y. 


110 Bast 42nd Street 


Standard Ol! Bidg. 


Water Works, Light and Power, Sewers, 
Treatment, Reports, Flood Control, 


inage 


HENNINGSON, DURHAM 
& RICHARDSON, INC. 


Consulting Engineers since 1917 for more than 
600 cities and towns 


Ap 


Omaha 2, Nebraska 


HORNER & SHIFRIN 


Consulting Engineers 


W. W. Horner E. 
H. SHIFRIN . C. LIscHER 


Sewerage and Sewage Treatment — 
Water Supply — te Engineering 


Shell Building, St. Louls 8, Missouri 


ROBERT M. JOHNSTON 

AND ASSOCIATES 
Consulting Chemists — Bacteriologists 
Analyses— Water, Sewage, Industrial Waste 
Research Litiga 


tions 


915-917 N. Second St. Harrisburg, Pa. 


JONES, HENRY & WILLIAMS 
(Formerly Jones, Henry & Schoonmaker) 


Consulting Sanitary Engineers 


Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bldg. 


Toledo 4, Ohio 


TROY, N. Y. 


Since 1906 


KEIS & HOLROYD 
Consulting Engineers 
Formerly Solomon & Keis 


Supply and Purification, and 
erage Treatment Garbage and ‘use 
posal and a. Industrial 


FT. LAUDERDALE, FLA. 


It pays to secure competent and experienced engineering advice! 
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Investigations, 


ENGINEERING OFFICE OF 
CLYDE c. KENNEDY 


offers 
COMPLETE ENGINEERING SERVICE 


Reports, Design, 
Supervision of Construction and 


Operation 


Sewerage, Sewage Treatment and 
Industrial Waste 


Chemical and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 5 


Disposal 


MORRIS KNOWLES Inc. 
Engineers 


Water Supply and Purification, Sewer- 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1312 Park Bidg. Pittsburgh 22, Pa. 


10 Gibbs Street 


Wm. S. Lozier Co. 


Consulting Engineers 


Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 


Rochester 4, N. Y. 


GEORGE B. MEBUS 
Consulting Engineer 
Water Supply Sewage Treatment 
Industrial Waste Treatment 


NORTHWESTERN NATIONAL BANK BUILDING 
GLENSIDE, PA. 


Laboratory 


METCALF & EDDY 


Engineers 


Airfields 


Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 


Valuations 


Statler Building 
Boston 16 


Nussbaumer, Clarke & Velzy, Inc. 


Consulting Engineers 


SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 


327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y. 


PARSONS, BRINCKERHOFF 
HALL G@ MACDONALD 
G. Gale Dixon, Associate 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structures 


51 Broadway 


Power — 


Transportation 


New York 6, N.Y. 


BOYD E. PHELPS, INC. 
Architects and Engineers 


Water Supply and Purification 
Sewerage and Sewage Treatment 
Power Plants, Buildings, Investigations, 
Reports, Appraisals, Rate Studies 


Indianapolis and Michigan City, Indiana 


PIATT AND DAVIS 
WM. M. PIATT 
Consulting, Designing, and Supervising Engineers 


P. D. DAVIS 


Water Works, Sanitary Sewers, Water Purification 
Sewage Treatment, Public Buildings, Streets 
Power Plants, Electrical Distribution 
Reports and Appraisals 


One Eleven Corcoran St. Bidg. 


Durham, N. C. 


MALCOLM PIRNIE ENGINEERS 
Civil and Sanitary Engineers 
Malcolm Pirnie Ernest W. Whitlock 
Robert D. Mitchell Carl A. Arenander 
Malcolm Pirnie, Jr 
Investigations, Reports, Plans 
of Construction 
and Operations 

Appraisals and Rates 
25 West 43rd Street New York 36, N. Y. 


age 


"Cons 


LEE T. PURCELL 


Consulting Engineer 
& Purification; Sewerage & Sew- 


Industrial Wastes; Investigations 
rts; Design; Supervision of 
truction & Operation 


Analytical Laboratories 
36 De Grasse St. 


Paterson 1, N. J. 


THOMAS M. RIDDICK 
Consulting Engineers and Chemists 
Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment, 
Laboratories for Chemical and Bacteriological 

Analyses 


369 B. 149th Se. New York 55, N.Y. 


Take advantage of the services 


of these outstanding consultants! 
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RIPPLE AND HOWE 


Consulting Engineers 
O. J. B. V. Hows 


Design—Supervision 
Water Works Systems, Filtration and a 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports. 


833-35 Twenty-Third St. Denver 5, Colorado 


RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 


408 Olive St., Municipal Airport 
St. Louis 2, Mo. Daytona Beach, Fi 


SEEWALD LABORATORY 


ANALYTICAL CHEMISTS 
BACTERIOLOGISTS 


ANALYSES — WATER — SEWAGE - 
INDUSTRIAL WASTES — B. O. D. 


Examination of Municipal and Private Water Supplies 


1211 WEST FOURTH STREET, WILLIAMSPORT, PA. 


SMITH and GILLESPIE 
Consulting Engineers 
All types of 
Municipal Public Works & 
Utilities 
Complete Services 
P. O. Box 1048, Jacksonville, Fia. 


STANLEY ENGINEERING COMPANY 


Sewerage—Waterworks 
Drainage—Flood Control 
Electric Power—Airports 


Hershey Building 
Muscatine, Ia. 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 


Water Supply—Sewerage— Waste Disposal 
Bridges—Highways—-Industrial Buildings 
Studies—Surveys—Reports 


209 8. High St. Columbus 15, Ohio 


WARNER ENGINEERING CO. 


Engineers 


Consultation—Design—Detailing 
Structural—Mechanical—Hydraulic 
Industrial Piping and Sewerage Systems 
Industrial Waste and Sanitary Problems 


411 Broadway Building Lorain, Ohio 


J. STEPHEN WATKINS 
J. S. WarTKINS G. R. Watkins 
CONSULTING ENGINEERS 


Municipal and Industrial Engineering, Water 
Supply and Purification, ~—- and Sewage 
Treatment, Highwa ae oe and Structures, Reports, 
Investigations and tructures, 


251 East High Street Lexington, Kentucky 
Branch Office 
901 Hoffman Building Louisville, Kentucky 


WERTZ ENGINEERING CO., Inc. 
CONSULTANTS, DESIGNERS & 
CONSTRUCTORS 
Water Supply & Purification 


Sewage & Industrial Waste Treatment 
Stream Pollution Studies 


Chemical & Bact. Laboratory Service 
441 North 2nd St. Reading, Pa. 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply, Water Purification, 


astes Treatment 
Studies 
upervision, uation 
Labor: 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage, Sewage Disposal, Municipal and In- 

dustrial Devel t Prob Water Supply, 

Water Purification, Water Front a 

Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 
Engineers—Consultants 


Civil—Sanitary—Structural 
Mechanical—Electrical 
Reports, Plans Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


It pays to secure competent and experienced engineering advice! 
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No Climbing Down Manholes! 
Now, instead of merely hand-rodding 
a temporary opening in the stoppage 
(for so-called economy’s sake)— 
FLEXIBLE has the answer. In a frac- 
tion of the time of installing ordinary 
jacks, this new smooth-operating 
MANHOLE ROLLER installs from the 
surface... fits any manhole (even 
over-flowing)...works loose brick 
manholes...and enables you to doa 
thorough BUCKET MACHINE job fast- 
er, easier, economically. 


SEWER-ROD EQUIPMENT CO. 
9059 VENICE BOULEVARD, LOS ANGELES 34, CALIF. 


41 Greenway St. — Hamden 14, Conn. 66 Kiniry Drive — Rochester 9, New York 

147 Hillside Terrace — Irvington, N. J. 29 Cerdan Avenue — Roslindale 31, Mass. 

P. 0. Box 465 — Memphis, Tennessee 801 E. Excelsior Bjvd. — Hopkins, Minn. 

1115 Delaware Ave. — Fort Pierce, Fla. 3786 Durango St. — Los Angeles 34, Calif. 

141 W. Jackson Bivd. — Chicago, Ill. 4455 S.E. 24th Street — Portland, Oregon 

200 Magee Bidg. — Pittsburgh, Penn. 351 West Jefferson Blvd. — Dallas, Texas 
Francis Hankin — Montreal & Toronto, Canada 


ERICA’S LARG IANUFACTURER © 
AND EQUIPME 


today 


Mw! 

BUCKET MACHINE 
SEWER CLEANING | 
| Made Easy! 
> ‘MANHOLE ROWER 
| 
| 
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Becsvuntet of an existing sewage plant, needed to 
meet the demands of increased population and industrial 
growth, may necessarily be delayed by current material 
shortages and building restrictions. In such a case, W&T 
Chlorinators can temporarily help carry the load by improv- 
ing the efficiency of your present plant. 

For example, overall plant efficiency can be increased 
when chlorine is applied ahead of and in the plant. Pre- 
chlorination ensures fresh sewage, giving better sedimenta- 
tion. Plant chlorination aids grease removal, prevents filter 
ponding and minimizes sludge bulking. Disinfection of the 
effluent is ensured by post-chlorination—especially impor- 
tant where full treatment facilities are limited. 

These are practical reasons why more and more com- 
munities are using W&T Chlorinators both to temporarily 
increase plant capacity and to ensure better operation of a 
future, expanded plant. 
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